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Virtual event 


Astunning new way 
to explore the cosmos 


In 2015, we detected the 

first ever gravitational wave, 
opening up a whole new way 
of studying the cosmos. In her 
talk - Listening to the universe 
with gravitational waves — Lisa 
Barsotti will describe the tens of 
gravitational waves we've seen 
since and how they have shed 
light on some of the most 
profound mysteries in space. 
Join us at 6pm BST (1pm EDT) 
on 14 October. Get your tickets 
online now. 
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ns-events 
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Stay on top of all the most crucial 
developments in the pandemic 
with our daily briefing, updated 
at 12pm BST every weekday. 
There are also links to exclusive 
news, features and interviews. 
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Great news for the more 
flatulent among us — breaking 
wind is a sign of good gut 
health. The team discusses an 
experiment in which men had 
their farts measured in the name 
of science. Also on the podcast 
this week: gearing up to deliver 
covid-19 vaccine dose number 
three; how caves on Mars could 
be turned into settlements for 
human explorers; and a duck 
that has learned to say “you 
bloody fool”. 


newscientist.com/nspod 
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Each year the charming residents 
of London Zoo get weighed and 
counted as part of a census of 
20,000 animals. New Scientist 
went along to see the creative 
tactics keepers deploy to measure 
the creatures, from the smallest 
midwife toad to the largest 
Galapagos tortoise. Don't forget 
to subscribe to our channel. 


youtube.com/newscientist 
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Get reporter Clare Wilson’s 
weekly newsletter in all things 
health and fitness delivered free 
to your inbox. In the latest issue, 
she looks at sleep. Why do we do 
it - is it about clearing out toxins, 
cementing memories or what? 
And how much sleep do we 
really need? 


newscientist.com/ 
health-check 


Newsletter 
“Bats sleep 

for 20 hours 

a day, while 

horses get 

a total of 

3 hours in 

snatched 

naps” 


CLIMATE 
CHANGE 


Essential guide 


Climate change is the greatest 
challenge of our age. The eighth 
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a one-stop shop for information 
on the basic science of climate 
change, the history of efforts to 
combat it and the technologies 
that will help us stop it. 
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Beyond the pandemic 


Building back from covid-19 is an opportunity to address social inequities 


WE ARE far from the end of covid-19, 

but it isn’t too early to begin to assess the 
pandemic’s likely long-term effects on 
society and how we should respond. 


just the pre-existing inequalities between 
generations, but those within them, too. 
Take one stark figure: in the first lockdown 
in the UK, 74 per cent of privately educated 


prospects. One very real danger is that the 
pressing need to invest in environmental 
sustainability will be knocked back by 
short-sighted thinking that prioritises 


Younger people, whose education, 
career development and opportunities 
for social interaction in formative years 
have been most affected, are a natural 
focus of attention. Our special report on 
“Generation Covid” (see page 34) comes 
on the back of an exclusive survey New 
Scientist conducted with a team at King’s 
College London. It represents an attempt 
to marry the best of recent research with 
some hard data on how the pandemic has 
affected all generations —and how they 
themselves view their future prospects. 

Covid-19 may well turn out to bea 
generation-defining event. Ifso, it is 
because it has laid bare and amplified not 
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students received a full online education; 

for state schools, the figure was half that. 
That is bad for the pupils involved and 

bad for society as well. We need some big 


"Covid-19 has amplified the 


inequalities not just between 
generations, but within them” 


thinking from politicians. Investment in 
amore equitable, sustainable future, one 
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more “immediate” concerns. 

There, our survey results provide food 
for thought. Some six in10 people across 
all generations in the UK believe action 
is needed to reduce income inequalities. 
Around 70 per cent, meanwhile, believe 
that climate change, biodiversity loss 
and other environmental issues are big 
enough problems to justify changes to 
our lifestyles. Healthy majorities across 
all generations in the US agree on that. 

Of course, when confronted with 
the reality of specific, and perhaps hard, 
choices, opinions may differ. But a plan 
to build back better isn’t just needed: 
it might prove popular, too. # 
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News 
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threaten Europe p9 planets p15 in El Salvador p16 in Gibraltar p17 


Space exploration 


Amateurs tn orbit 


The first mission without any professional astronauts marks 
the start of a new period for space tourism, reports Leah Crane 


SPACEX’s Inspiration4 mission was 
due to launch at 8pm local time on 
15 September from the Kennedy 
Space Center in Florida as New 
Scientist went to press. It marks 
the first ever launch without any 
professional astronauts, as all four 
of the crew, pictured, are private 
individuals, not government- 
trained space explorers. 

Many people who aren’t 
professional astronauts have 
been to orbit aboard various 
spacecraft, but until now they 
have always been accompanied 
by trained professionals. While 
the passengers on the Inspiration4 
mission have undergone some 
training to make sure they are 
able to fly safely, they haven’t been 
through the intensive, years-long 


process normally required to 
become an astronaut. 

The commander for the 
mission will be Jared Isaacman, 
a billionaire and pilot who paid for 
the flight. He donated two ofthe 
other seats to St. Jude Children’s 
Research Hospital in Tennessee. 
One of those seats went to Hayley 
Arceneaux, a physician assistant 
at the hospital, and the other to 
Christopher Sembroski, a data 
engineer and US Air Force veteran 
who was given his place by an 
unnamed friend who won the 
hospital’s raffle. The final 
passenger will be Sian Proctor, a 
geology professor and member 
of the US Air Force Civil Air Patrol, 
who was selected to be the flight’s 
pilot after winning a competition. 


The passengers will ride to 
space in a Crew Dragon capsule 
that was previously used for 
SpaceX’s Crew-1 mission, the firm’s 
first operational mission to the 
International Space Station (ISS) 
in November 2020. Almost all of 
the spacecraft’s operations are 
automated, so if all goes well the 
crew won't have to actually steer 
the ship as it drifts in orbit for 
three days and then returns to 
splash down in the Atlantic Ocean. 

This flight sets the stage for 
more tourists in space. SpaceX 
has plans to use the Crew Dragon 
to launch further amateur 
trips to orbit in the next few 
months, in collaboration with 
two other companies, Axiom 
and Space Adventures. ff 


Under pressure 
Quantum sums 
reveal black hole 
mystery p18 


Ageing 


Rare genetic 
variants at work 
in centenarians 


ACLOSE look at the DNA of 
centenarians - people aged 
100 years or more - has 
identified rare genetic 
variants that might help 
explain their longevity. 

Zhengdong Zhang at 
Albert Einstein College of 
Medicine in New York and his 
team compared the genetic 
profiles of 515 centenarians 
and 496 non-centenarians, 
who were aged between 
70 and 95. 

The researchers wondered 
whether the centenarians 
might owe their longevity 
in part to an absence of rare 
genetic variants known to 
increase the risk of disease. 
But they found that these 
variants were as likely to 
be carried by centenarians 
as non-centenarians. 

On the flip side, some 
rare versions of genes with 
known beneficial effects 
were more likely to be 
carried by centenarians. 

For instance, the researchers 
found the centenarians 
carried rare beneficial 
variants in Wnt signalling, 
which has a known role in 
the onset of cancer (Nature 
Aging, doi.org/gv2k). 

“These investigations are 
challenging because large 
numbers are required to 
find statistically significant 
signals,” says Morten 
Scheibye-Knudsen at the 
University of Copenhagen 
in Denmark. “These exciting 
findings highlight the 
importance of human 
genetics in longevity 
research.” I 
Krista Charles 
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News 


Carbon capture 


Emissions from Australian wildfires 
mostly captured by algal blooms 


Alice Klein 


MOST of the carbon dioxide 
released by Australia’s wildfires 
of 2019-20 was sucked out of the 
atmosphere by giant ocean algal 
blooms seeded by the nutrient- 
rich ash, a new study suggests. 

Australia experienced its 
worst wildfires on record between 
November 2019 and January 
2020. More than 70,000 square 
kilometres of bushland —an area 
the size of the Republic of Ireland — 
burned to the ground. 

As the vegetation combusted, 
about 715 million tonnes of 
CO, was released into the 
atmosphere - roughly equivalent 
to the entire annual emissions of 
Germany. This led to fears that the 
fires would be a major contributor 
to global warming. 

However, new research suggests 
that approximately 80 per cent 
of this CO, has been absorbed by 
ocean algal blooms that began 
growing when iron-rich ash from 
the fires rained down into the 
water (Nature, DOI: 10.1038/ 
$41586-021-03805-8). 

Ash contains iron that can 
promote growth of microscopic 
marine algae called phytoplankton, 


GEOPIX/ALAMY 


says Richard Matear at CSIRO, 
Australia’s national science 
research body. As phytoplankton 
grow, they capture CO, from the 
atmosphere through the process 
of photosynthesis. 

While analysing data 
from satellites and floating 
measurement stations, Matear 
and his colleagues found that two 
large phytoplankton colonies — 


Satellite view of 
wildfires in Australia 
on 4 January 2020 
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known as algal blooms — grew 
in regions where ash from the 
wildfires drifted out to sea. One 
was south of Australia and the 
other was thousands of kilometres 
east in the Pacific Ocean. 

Based on the rate of growth 
of the algal blooms and the 
length of time they existed—about 
three months -—the researchers 
were able to estimate how 
much CO, they removed from 
the atmosphere. 

Since phytoplankton sit at the 
bottom of the marine food chain, 


their rapid growth may have 
boosted other marine life in these 
areas, but this hasn’t yet been 
studied, says Matear. 

Wildfires used to be considered 
carbon neutral because the CO, 
they released was recaptured 
when burnt vegetation grew back, 
but as climate change increases 
the frequency and intensity of 
wildfires, scientists are worried 
that won’t be enough to offset 
the carbon emissions. 

This study suggests that marine 
algal blooms may be another 
way nature captures wildfire 
emissions, says Pep Canadell at 
CSIRO, who wasn’t involved in 
the research. “The system tries 
to balance things out,” he says. 

However, it is unknown how 
long this carbon capture is likely to 
last, says Canadell. Research shows 
that when algal blooms die, some 
carbon is transported to the deep 
ocean, but the rest can re-enter the 
atmosphere, and what proportion 
this happens to is unclear. “We 
don’t know if this is 50 per cent 
or 20 per cent or what, so we need 
longer-term research to find 
out,’ he says. ff 


Animal behaviour 


Army ants store 
temporary caches 
whenraiding nests 


ARMY ants frequently raid other 
social insects’ nests for vulnerable 
larvae and pupae. A computer 
simulation suggests that the insects 
have come up with a strategy to 
boost the speed and efficiency of 
their raids, by temporarily storing 
the food they steal in a nearby cache. 
Hilario Povoas de Lima at the 
University of Sdo Paulo in Brazil 
and his colleagues were observing 
Eciton hamatum army ants in the 
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Amazon rainforest when they 
noticed the insects stacking prey 
that they had pillaged in piles 
along their foraging trails, far 
from their bivouac - the nest that 
houses the queen and larvae, and 
is made out of interlinked bodies 
of living worker ants. 

Biologists first noticed these 
food stacks, or caches, nearly a 
century ago. They were assumed to 
appear because ants became stuck 
in insect traffic jams on their journey 
back to the bivouac and simply 
dumped their loads while waiting 
for the flow issues to resolve. 

“On the other hand, the biology 


of army ants told us that timing 
is essential for them,” says Povoas 
de Lima. When a small raiding 
party is preying on the young in 
another species’ nest, the element 
of surprise is important and the 
entire raid must take place rapidly 
before the defenders can fight 
back or evacuate the nest. 

Povoas de Lima and his 
colleagues generated computer 
simulations of ant movement 


“The element of surprise 
is essential and the raid 
must take place before the 
defenders can fight back” 


during raids. They found that 
raiding ants gathered more food 
by dumping what they stole in 
a cache positioned between a 
raided nest and their bivouac, 
then returning to the raided nest 
to steal more food. However, this 
advantage worked only as long as 
the raiding party contained fewer 
than 100 ants: a larger party didn’t 
need to cache food for a speedy 
raid (bioRxiv, doi.org/gvxn). 
“Caches may help army ants 
relying on a limited worker force 
at foraging fronts,” says Povoas 
de Lima. I 
Jake Buehler 


Climate change 


Warming could 
shift jet stream with 
danger for Europe 


Michael Le Page 


THE northern polar jet stream, 

a band of high-altitude winds that 
circles the Arctic and influences the 
climate of the northern hemisphere, 
is forecast to start noticeably 
shifting in the 2060s if greenhouse 
gas emissions remain high, leading 
to dramatic changes in temperature 
and rainfall, especially in Europe. 

“This would have drastic 
consequences for society,” says 
Matthew Osman at the University 
of Arizona. He and his team have 
worked out how the average 
position and intensity of the jet 
stream over the North Atlantic has 
changed over the past 1250 years 
by analysing Greenland ice cores. 
The jet stream’s position determines 
storm tracks over the North Atlantic, 
which in turn determine the 
temperature of Greenland and 
how much snow falls there. 

The results show that the position 
and intensity of the jet stream 
naturally vary a lot. “It seems to 
be fairly random,’ says Osman. 
Because there is so much variability, 
global warming hasn't yet hada 
discernible effect. The situation is 
like being on a beach when the tide 
turns - if the waves are big, it takes 
time before the rising tide is visible. 

However, climate models 
forecast that the jet stream will 
shift north as the world warms and 
the temperature gradient between 
the Arctic and lower latitudes 
lessens. The team’s findings suggest 
that this effect will start to become 
obvious from around 2060. By 
2100, the average position of the 
jet stream could be 1 to 3 degrees 
further north in high-emissions 
scenarios (PNAS, DOI: 10.1073/ 
pnas.2104105118). 

This would have a dramatic effect 
on Europe, with southern regions 
becoming even drier, and even more 
rain or snow falling over already wet 
parts of Scandinavia. In moderate 
emissions scenarios, the northward 
shift is halved. ff 


Analysis Coronavirus 


Is delta a bigger threat to children? Reports that the variant 
is more likely to see young people admitted to hospital don’t 
mean the virus has become deadlier, says Clare Wilson 


OVER recent months, some US 
hospitals have admitted record 
numbers of children with 
covid- 19, leading to fears that the 
now-predominant delta variant of 
the coronavirus is more dangerous 
for this age group. Is that true? 
When the pandemic took hold 
last year, we quickly learned that 
younger people are much less 
susceptible to serious covid-19. 
Age is by far the biggest risk factor 
for severe cases, with people 
aged 80 and over more than a 
thousand times as likely to die 
from infection than under-2 5s. 
Then the more-transmissible 
delta variant of the coronavirus rate of needing intensive care. 
sprang up in India, surging through __—_-US figures out this month from 
the UK in May and doingthe same _ the Centers for Disease Control 
in the US in June. By July,some US — and Prevention (CDC) now show 
hospitals were reporting alarming — that the proportion of children 
numbers of under-18s needing admitted to hospital who needed 
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hospital treatment for covid-19. intensive care was about the 

In southern states, such as same in August as in the period 
Alabama, Arkansas, Florida and up to mid-June, before delta 
Louisiana, paediatric intensive took hold, at about one in four. 
care units started becoming The study didn’t look at the 
overwhelmed. Francis Collins, proportion of infected children 
head of the US National Institutes | who were admitted to hospital, 
of Health, said last month that though, leaving the possibility that 
while there was no proof that delta does send a higher number 
delta affects children more to hospital for the same number 
severely, he was hearing from of cases. But CDC head Rochelle 


paediatricians that “the kids who 
are in the hospital are both more 2 5 Of 
numerous and more seriously ill” Oo 
One factor is that relatively of US 12-15-year-olds were 


few children are vaccinated, with fully vaccinated by mid-July 
covid- 19 vaccines not used in 


under-12s and only a quarter Walensky said in a press 

of US 12 to 15-year-olds being conference that the figures 

fully vaccinated by mid-July. had convinced her: “Although 
Some studies, such as one we are seeing more cases in 

from the UK in June, have found children, and more overall cases, 

that, in general, unvaccinated these studies demonstrated 

people infected with delta are that there was not increased 

twice as likely to need hospital disease severity in children.” 

treatment as unvaccinated people There have also been 

with the alpha variant. encouraging figures from New 
Until recently, no one had yet South Wales in Australia. Ina 

looked at the risk in under-18s study that looked at transmissions 


specifically, however, nor at their within schools and preschool 


Schoolchildren 
wearing masks 
in California 


settings, the proportion of children 
testing positive for delta who were 
admitted to hospital remained 
low, at about 2 per cent, and only 
0.2 per cent of those testing 
positive needed intensive care. 

For now, it looks as if delta isn't 
overturning the idea that children 
are orders of magnitude less likely 
to get seriously ill than adults. 

“We have had no indication 
in the UK that delta is any more 
severe during infection for children 
than any past variants,” says 
Alasdair Munro at the University 
of Southampton, UK. “It is more 
transmissible, So we would 
expect to see more infections, 
all other things being equal.” 

It is notable that the US 
hospitals reporting overflowing 
children’s ICUs are in southern 
states, which have lower 
vaccination rates among adults, 
and are less likely to mandate 
general covid-19 precautions 
such as wearing face masks. 

“It's anumbers game. As the 
numbers have gone up, the 
[children’s] hospitalisations have 
gone up too,” says Christina Pagel 
at University College London. & 
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News 


Technology 


Jagged pupils give 
away computer- 
generated faces 


Chris Stokel-Walker 


CREATING a fake persona online 

with a computer-generated face 
is easier than ever, but there is a 

simple way to catch these phony 
pictures: look at the eyes. 

Generative adversarial networks 
(GANs) - a type of artificial 
intelligence that can make images 
from a simple prompt - can produce 
realistic-looking faces. Because the 
faces are made through a process 
of continual changes, they are less 
likely to be caught out through 
reverse image searches, which 
identify the reuse of existing 
people’s images on fake profiles. 

But they do have a tell. The pupils 
of GAN-generated faces aren't 
perfectly round or elliptical, unlike 
real ones. Real pupils are also 
symmetrical to one another. 
Computer-created pupils often have 
bumpy edges, or are asymmetrical. 
“Even though GAN models are 
very powerful, they don’t really 
understand human biology 
very well,” says Siwei Lyu at the 
University of Albany in New York. 

Lyu and his colleagues developed 
a computer model that identifies 
the location of the eyes in a picture 
of a face, extracts the pupils and 
identifies their shape. The model 
checks to see if the pupils are 
circular or elliptical. If they aren't, 
it identifies the image as fake. 

If they are, it moves onto the next 
check - whether a pupil has smooth 
or jagged edges. If it is the latter, the 
image is identified as fake (arxiv. 
org/abs/2109.00162). 

“The pupils are one of the 
first things to look at for glitches,” 
says Eliot Higgins, founder of 
investigative website Bellingcat, 
who says the findings reflect his 
experience of deepfakes - entirely 
artificial human images or video 
made by Al. 

Lyu’s system isn't foolproof. 
Some diseases and infections affect 
the shape of people’s pupils, but 
instances of that are rare, he says. I 
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Biodiversity 


Improving even tiny green 
spaces boosts urban wildlife 


Michael Le Page 


INCREASING the number of 
plants in cities provides a big 
and rapid boost to biodiversity, 
according to a four-year study 
in Melbourne, Australia. The 
findings add to the evidence 
that the greening measures 
many cities are starting to take 
can make a huge difference 
to wildlife, in addition to 
their other benefits. 

“Adding more indigenous 
plant species to a small green 
space can greatly contribute 


94 


Insect species found in a green 
space in Melbourne, Australia 


to positive ecological outcomes 
ina short period of time,” 
says Luis Mata at the 
University of Melbourne. 
Around the world, many 
efforts are under way to try 
to green cities. In 2020, the 
UN Food and Agriculture 
Organization launched its 
Green Cities Initiative, which 
supports measures suchas 


The High Line is an urban 
park in New York City 


tree planting. In the EU, the 
Green Cities Europe initiative 
is encouraging city planners 
to do more to green cities. 

Proponents of such efforts 
list many benefits: improving 
physical and mental health 
by reducing air pollution, 
providing a better environment 
and encouraging people to get 
out more; helping keep cities 
cooler as the climate gets 
warmer; boosting social 
interactions; and, of course, 
increasing biodiversity. 

But there is surprisingly 
little scientific evidence that 
urban greening projects boost 
biodiversity. The evidence that 
exists is based on comparing 
areas with different numbers 
of plant species, says Mata. 

As far as he is aware, his team’s 
study is the first to measure 
biodiversity in a city area 
before it was greened and then 
how it changed afterwards. 
The study involved 14 insect 
surveys done over four years. 

“This is the first study to 
track how ecological benefits 
accrued across the lifespan 
ofa specific urban greening 
action,” says Mata. 


The study was ofa small 
green space in Melbourne, just 
200 square metres in size. The 
site, which is adjacent to a major 
road and surrounded by large 
buildings, had two gum trees on 
a kikuyu lawn before greening. 
Twelve indigenous plant 
species were added. 

A year later, there were five 
times as many insect species. 
After three years, there were 
seven times as many, even 
though three of the added 
plant species had died out. 
Over the whole study, the 
team recorded 94 insect 
species at the site, almost 
all of which were indigenous 
(bioRxiv, doi.org/gvw4). 

“Tcan’t think of any 
drawbacks,” says Mata. “On 
the contrary, the indigenous 
plant species require less water 
and don’t require fertilisers.” 
Now they have grown to 
cover most of the ground, 
there is also no more need 
for weed control, he says. 

“This report demonstrates 
the ability ofhealthy plant 
and fungi communities to 
provide the building blocks 
for ecosystems abounding 
with biodiversity,” says 
Ian Dunn, head of UK 
conservation charity Plantlife, 
which has been campaigning 
to boost wild flowers and 
wildlife simply by encouraging 
individuals and city officials 
to mow lawns, parks and 
road verges less often, or 
to mowat better times. 

The key is to allow wild 
flowers to go to seed before 
mowing, says Dunn. “Where 
plants lead, wildlife follows, 
and bees and butterflies are 
returning to some previously 
inhospitable terrains thanks 
to laudable urban greening 
efforts,” he says. I 


Northern sea meadows 


Newly discovered ecosystem is threatened by deep-sea fishing 


Christa Lesté-Lasserre 


SPONGES and corals inhabit newly 
discovered underwater fields and 
meadows near Greenland. 

More than a kilometre below the 
ocean surface, the ecosystems of 
the deep sea are home to life forms 
that thrive on stability, including 
grenadier fish and anemones 
(pictured). But as halibut fishing 
boats drag heavy equipment across 
the ocean floor, they are stirring up 
chaos in these vulnerable, typically 
quiet ecosystems. This causes 
damage that could potentially 
take decades or centuries to recover 
from, says Stephen Long at the 
Zoological Society of London. 

“Life in the deep sea isn’t used 
to being disturbed,” he says. 

He and his team equipped a 
deep-sea sled with cameras to 
monitor the sea floor around 
Greenland and found “extensive 
physical evidence” of trawling 
on the sea floor (ICES Journal of 
Marine Science, doi.org/gvrn). 
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US robot ship fires large missile for first time 


THE US Department of Defense 
(DoD) has released footage of 
an uncrewed ship firing a large 
missile, ina demonstration of 
its push to develop robot vessels 
that can operate alongside 
crewed warships. 

The autonomous programme, 
called Ghost Fleet Overlord, has 
seen previous operations focused 
on endurance missions without 
human assistance, including 
the first uncrewed transit of the 
Panama Canal. The missile firing 
is the first indication that the 
vessels will be armed. 

The SM-6 weapon used in the 
demonstration is a1500-kilogram 
missile travelling at Mach 3.5 with 
a range of over 240 kilometres, 


fired from a modular launcher 
on the ship, the USV Ranger. 
Although the missile was 
launched without a human on 
board, US policy requires the 
target selection and order to fire 
to be controlled by a person. The 
DoD tweeted a video of the launch 
on 3 September, but provided no 
further details, including the 
location of the test. 

The demonstration isn’t the 
first launch ofa missile from a 
robot boat, but the SM-6 is about 
100 times larger than the missile 
used in an Israelitest in 2017. 

Sidharth Kaushal at Royal 
United Services Institute, a UK 
defence think tank, says that the 
uncrewed vessels are likely to 


take on a variety of roles, such 

as supply, minesweeping and 
intelligence gathering. The missile 
demonstration shows they could 
also enhance a fleet’s capacity to 
tackle large numbers of incoming 
missiles or other threats. 

Because modular launchers 
can easily be fitted to the low-cost 
uncrewed ships, they can greatly 
increase a naval fleet’s missile 
firepower without the need for 
new, billion-dollar warships, 
says Kaushal. “They could 
conduct both offensive strikes 


and missile defence missions.” 

Kaushal notes that, given 
current limitations of sensors and 
artificial intelligence, the robotic 
craft will work with crewed vessels 
rather than replace them, but he 
says there could be a greater risk of 
them being attacked in peacetime. 

“They may become targets for 
sub-threshold aggression, given 
that damaging or destroying 
them involves no loss of life,” 
says Kaushal. He points to a 2016 
incident in which China seized a 
small, uncrewed US underwater 
research craft. 

The US Navy hadn’t responded 
to a request for comment at the 
time of publication. 

David Hambling 
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News 


Interview: Sharon Peacock 


The changing coronavirus 


UK efforts to track the virus’s evolution and the emergence of new 
variants have been vital, Sharon Peacock tells Michael Le Page 


LAST December, the UK shocked 
the world with the announcement 
ofa new variant of the SARS-CoV-2 
coronavirus that seemed to spread 
faster than the original virus. 

That discovery was made possible 
by the COVID-19 Genomics UK 
Consortium, which had been 
sequencing viral samples to 
monitor the evolution of the virus. 
COG-UK, as it is known, is led 

by Sharon Peacock, who spoke to 
New Scientist about her research. 


At what point did you start thinking 
about sequencing the coronavirus? 
I was having conversations about 
the need for sequencing in early 
March 2020. People knew the 
virus would change because that’s 
what happens. By about 15 March, 
20 of us got together and said, 
how would we set up anational 
sequencing capability? And the 
answer was to throw a net over 


“We didn’t waste any time. 
When significant variants 
started to emerge, we 
were in astrong position” 


everybody who could do it and say, 
come and help us. So the public 
health agencies, Wellcome Sanger 
Institute and 16 sequencing hubs 
around the country did. We didn’t 
waste any time. 


Did everyone agree that sequencing 
was important? 

Some people thought the virus 
wouldn’t change enough to make 
it useful. The virus changes quite 
slowly, there’s limited genetic 
diversity compared to some other 
pathogens. But we continued 
anyway. And when October 2020 
came and [significant] variants 
started to emerge, that meant that 


An illustration of a virus 
cut away to reveal its RNA 


genetic material (yellow) 
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Profile 

Sharon Peacock is a microbiologist 
at the University of Cambridge and 
head of the COVID- 19 Genomics 
UK Consortium 


we were ina very strong position 
compared to some countries that 
had to really scale up quite quickly. 


With sequencing equipment more 
accessible than ever, how important 
is global training? 

It’s vital. It’s not possible to just 
open up an Oxford Nanopore 
MinION [a tiny, cheap sequencer], 
squirt something in and expect 
to get good-quality data. You need 
to know how to ensure that the 
data that you get out at the end 

is high quality. And you also need 
to learn how to interpret the data. 


At one point, the UK was sequencing 
more samples than the rest of the 
world combined. Why was the 
country so far ahead? 


The US has sequenced more than 
us now, but yes, we can be proud 
of that. We started early. The [UK] 
government supported us, we got 
funding, we had the expertise in 
the network and equipment on 
the ground already. We also had 

a relatively connected healthcare 
system. In other places, testing 

is more fragmented, it’s quite 
difficult to link it up together. 

And there was also a huge sense 
of cooperation between people. 
Scientists don’t generally want to 
share all their precious data before 
they’ve even looked at it, but that’s 
exactly what happened here. 


How worrying is it that ina lot 

of countries there is still very little 
sequencing going on? 

Iam worried about that. You 
won't know ifnew variants are 
emerging, you won't be able to 
characterise them. Sequencing is 
an absolutely critical partner to 
vaccine roll-out and development. 


We are in a situation now where one 
new variant after another emerges 
and starts to go global. Could this 
continue for some time? 

Yes, I think it’s likely, but not 
entirely predictable when or 
where. Variants of concern emerge 
quite rarely, but when they do, 

can have avery significant effect. 

I think there’s going to be further 


evolution of the virus so that 
it’s either more transmissible or 
[can evade immunity], or both. 


That sounds like bad news. Is the 
vaccine going to be enough? 
Iremain optimistic. We can still 
vaccinate against all the variants 
that we have at the moment, and 
new vaccines can be developed 
quite quickly. Part of reducing 
the risk of new variants evolving 
is to drive down rates of infection 
because the virus can only mutate 
ifit gets an opportunity to spread 
from one person to another and 
replicate. So global vaccination 

is the absolutely central answer 
to controlling variants. 


So far, by the time we have 
established that variants of concern 
are more dangerous, they have 
already spread around the world. 
Can we do better? 

I think there’s two questions there. 
One is: can you ever stop a variant 
in its tracks when you find it? 

I don’t know ofany instance where 
a variant has emerged and we 
purposely eradicated it. Evolution 
is against you if something 
emerges that’s fitter than the 
previous variants. The second is: 
can you get quicker at reaching the 
level of evidence you need to pull 
the ripcord, ifa variant is more 
transmissible for example. The 
thing that takes the time is not the 
sequencing, but looking to see 
whether something is transmitting 
more than something else, or if it 
causes more severe disease or not. 


What things about the coronavirus 
do you think people need to know? 
We will need to learn to live with 
the virus. The other thing is that 
when a new variant is described, 
often all the alarm bells start 
ringing. But at the time, you don’t 
really know enough to be able to 
say whether it’s important or not. I 


Astronomy 


Chemistry reveals 
if astarhas eaten 
its own planets 


Jason Arunn Murugesu 


ASTRONOMERS could boost the 
efficiency of the search for alien 
worlds that might harbour life 

by using a technique that can help 
us rule out stars that have already 
eaten their own planets. 

Lorenzo Spina at the 
Astronomical Observatory of Padua, 
Italy, and his colleagues analysed 
a series of binary stars - pairs 
of stars that orbit one another. 
Because both stars in a binary pair 
are typically formed from a single 
giant molecular cloud, they should 
be chemically identical. 

“However, we've known for 
a long time that there are some 
anomalous cases,” says Spina. 

Astronomers had speculated that 
this chemical divergence could be 
explained if one star in the pair ate 
a planet it hosted, changing its 
chemical make-up. However, until 
now, we had no idea how common 
this phenomenon might be. 

Spina and his team looked at 
107 binary star pairs that all had 
stars with similar masses and 
temperatures to our sun. Using 
a statistical model, they found 
that 27 per cent of the stars in 
their sample were likely to have 
eaten one or more planets. 

In binary systems with such 
a star, not only did the two 
stars have a different chemical 
composition, but one in each 
pair was richer in elements 
like iron that could only come 
from ingesting rocky planets 
(arxiv.org/abs/2108.12040). 

Knowing the chemical signature 
of planet-eating stars means we 
can more quickly discount them 
as potential hosts for Earth-like 
worlds, says Spina. 

Roman Rafikov at the University 
of Cambridge says the findings 
are “certainly interesting”. But he 
notes that they cannot be directly 
applied to single stars like our sun 
because binary stars are more likely 
to engage in planet engulfment. I 
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Archaeology 


Mounds of animal faeces 


reveal lost Arabian oasis 


Jake Buehler 


FOSSILISED piles of faeces, 
called middens, have revealed 
that a desert valley in Yemen 
was once a tropical oasis, 
which may have lasted in the 
dry region because of human 
land management practices. 

Today, Wadi Sana is a dry, 
rocky desert. We knew that 
between 11,000 and 5000 years 
ago, the Arabian peninsula and 
Sahara desert were wetter than 
they are now, and some lake-bed 
deposits suggested that 
grasslands and trees may 
have grown elsewhere in the 
interior of the peninsula. 

To find out more, Sarah Ivory 
at Pennsylvania State University 
and her colleagues turned to the 
petrified faeces of rock hyraxes 
(Procavia capensis). These small 
herbivorous mammals are 
native to parts of Africa and the 
Arabian peninsula and, despite 
their rabbit-like appearance, are 
kin to elephants and sea cows. 

Hyraxes live in colonies, 
defecating and urinating in 
acommunal latrine. Many 
generations of them may 
inhabit the same location, and 
the layers of their concentrated 
waste material petrify in the dry 
air, creating a time capsule of 
local habitats because pollen 


and plant material are 
preserved in the faeces. 
Some hyrax middens 
date back 50,000 years. 
“Few other archives of 
information about past 
environments exist in 
dry places,” says Ivory. 
The researchers collected 
24 middens in Wadi Sana, 
using a chemical dating process 


4700 


Years since an arid valley in 
Yemen was a wooded oasis 


on 17 of them. The team also 
extracted fossilised pollen from 
14 of these and classified it using 
a microscope. The pollen record 
shows that between 6000 and 
4700 years ago, Wadi Sana was 
home to abundant tropical 
woodlands totally unlike 
anything there today (Journal 
of Biogeography, doi.org/gvxs). 
The region harboured 
frankincense and olive trees, as 
well as buttontrees (Terminalia), 
which today mostly grow along 
the foggy coastline. Elsewhere 
in the region, ecosystems were 
drying out and turning to desert 
as the monsoons weakened. But 
Wadi Sana was something of an 


Rock hyraxes 
defecate in 
communal latrines 


oasis, partially thanks to the 
buttontrees that draw moisture 
from the air and pump it into 
the ground, but also because of 
the humans that moved there. 

Archaeological evidence 
shows humans living and 
raising cattle in Wadi Sana 
from roughly 8000 to 5000 
years ago. As monsoon rains 
grew unreliable, they dammed 
local waterways. This may have 
extended the life of the oasis by 
creating a wetter microclimate 
in the face of Arabia’s drying. 

“Human management 
actually acted to make this 
woodland and all ofits 
associated benefits more 
resilient to climate change 
instead of less resilient,” 
says Ivory. 

An increase of charcoal in 
the midden record suggests 
that people eventually started 
burning the landscape more 
frequently to encourage new 
grass growth to feed cattle, 
which changed the local plant 
composition and may have 
shrunk the woodlands. Later 
still, the decrease in rainfall and 
abandonment of dams appears 
to have culminated in Wadi 
Sana’s transformation to desert. 

“There is a real need for 
fossil records with a good 
chronological framework in all 
hyper-arid areas”, such as these 
hyrax middens, says Rachid 
Cheddadi at the University of 
Montpellier in France, noting 
that the middens'’ typical 
location deep in rock shelters 
makes them difficult to find. 
“The hyraxes chose their 
habitats to protect themselves 
from predators, and apparently 
from scientists, too.” I 
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News 


Briefing 


Bitcoin versus central banks 


As some countries move to accept bitcoin as official currency, other 
nations are likely to develop alternatives, says Matthew Sparkes 


EL SALVADOR has officially 
adopted bitcoin as legal tender. 
Draft legislation may soon lead 
Panama down the same path, 
while China, the US and the 

UK are investigating launching 
their own cryptocurrencies. 
Here’s what you need to know. 


Why adopt bitcoin? 

President Nayib Bukele 

hopes bitcoin will alleviate El 
Salvador’s prickliest economic 
problems: citizens sending 
money home from abroad 
account for up to a fifth of the 
country’s GDP, but they have 
to pay high transaction costs, 
and 70 per cent of people have 
no bank account. Bitcoin 
enables quick, cheap payments 


“It's extremely unlikely 
that any major economy 
would back a currency 
like bitcoin” 


across borders, and doesn’t 
require banks. 

Every Salvadoran has been 
gifted $30 in bitcoin (the US 
dollar is the nation’s other 
official currency) and can now 
shop or pay their taxes with it. 
Companies must accept it 
by law, but are permitted 
to instantly swap all bitcoin 
they receive to dollars. 

A Panamanian congressman 
has now proposed legislation 
that would see the country 
follow in El Salvador’s footsteps. 


Will it work? 

There will be hurdles, as bitcoin 
isn’t simple to use. While many 
in El Salvador were posting their 
successful bitcoin purchases 

on social media, others were 


marching in the street in protest. 


And the markets are spooked. 
The Financial Times reports 
that the yield on long-term 
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Salvadoran bonds rose from 


8.5 per cent in June prior to the 
bitcoin announcement to 11 per 
cent, meaning confidence in the 
state’s finances has dropped. 
Bitcoin itself is also volatile 
(the currency’s value has veered 
as low as £21,700 and as high as 
£46,500 this year), which isn’t 
a desirable property for legal 
tender. A company accepting 
bitcoin payments may find that 
the value of that currency has 
dropped when it is time to buy 
new stock. 


Will other countries follow suit? 
In a word, no. It’s extremely 
unlikely that any major 
economy would backa 
cryptocurrency like bitcoin, 
which cannot be controlled by 
acentral bank and was created 
by asecretive cryptographer. 
But we are likely to see 
central banks around the 
world launching their own 
digital currencies, combining 
benefits of cryptocurrencies 
and traditional money. 
Financial consulting firm 
PwC published a report earlier 
this year on these so-called 
Central Bank Digital Currencies 
(CBDCs). The report claimed 
that 60 governments are 
working on one, and that 
88 per cent are basing them 


A Pizza Hut that accepts 
bitcoin in San Salvador, 
El Salvador 


on blockchains, the technology 
behind bitcoin, though not all 
CBDCs will be cryptocurrencies. 


How does a CBDC work? 

Unlike a decentralised 
cryptocurrency, which is 
controlled by no single 
organisation, a central 

bank would manage a CBDC. 
But it could retain some of 

the perceived benefits ofa 
cryptocurrency, such as simple 
transfers of large sums, the 
ability to do away with physical 
cash, and an audit trail to 

crack down on corruption 

and tax evasion. But while 
cryptocurrencies like bitcoin 
have hard-coded limits on the 
number of coins that will ever 
exist, a CBDC could be created 
from thin air by central banks 
with quantitative easing just 
as with traditional currencies — 
something bitcoin advocates 
say is a major downside. 


Are countries using CBDCs yet? 
The Bahamas was one of the 
first nations to issue a CBDC, 
launching a cryptocurrency 
version of the Bahamian dollar 
last year in an effort to avoid 
moving physical cash across 

its 700 small islands. Cambodia 
launched a CBDC version of its 


currency, called Bakong, in 2020. 


China has been trialling its 
e-CNY currency and plans a 
large-scale test during the 
Winter Olympics next year. 

The US has two programmes 
running to investigate a digital 
dollar, and the Bank of England 
is talking to banks, retailers and 
members of the public to decide 
what its own digital currency 
should look like. # 


Biology 


Scorpions havea 
stinging tail before 
they can use it 


James Urquhart 


NEWBORN scorpions hitch a ride on 
their mother’s back for protection, 
and cannot eat, excrete or sting at 
this early stage in their lives. But 
scientists have found that they 

still accumulate venom, enabling 
them to catch prey and defend 
themselves as soon as they go 

it alone after shedding their 

first exoskeleton. 

Songryong Liat Wuhan 
University in China and his 
colleagues studied two-day old 
Chinese scorpions (Mesobuthus 
martensii), which are still embryo- 
like, and found they already had 
venom stored in the end of their 
tail, or telson. 

However, their stinger was 
blunt and its venom exit ducts were 
blocked, enabling the toxin to pool 
inside the tail. 

“It makes sense that they start 
producing venom so early. It takes 
a lot of energy and some days to fill 
venom glands,” says evolutionary 
biologist Arie van der Meijden at 
the University of Porto, Portugal, 
who wasn't involved in the study. 

“| imagine the venom gland cells 
will start producing venom as soon 
as they are fully [developed].” 

Liand his colleagues peeled off 
the outer layer on telson samples 
with tweezers and observed that the 
sharp stinger had already formed 
beneath. This would ordinarily be 
revealed when scorpions naturally 
moult for the first time around 
10 to 20 days after birth, enabling 
them to inject venom. 

The scientists also looked at 
telsons in older, more developed 
scorpions — which use muscle 
contractions to control venom 
release - and found that these don’t 
have blocked venom ducts. This 
suggests that newborns haven't yet 
developed the required muscular 
control of their venom and so their 
ducts are initially blocked to prevent 
venom loss, say the researchers 
(Toxicon, doi.org/gvqft). 


Field notes Strait of Gibraltar 


Why have orcas started ramming boats? Researchers, sailors 
and local authorities are scrambling to understand some concerning 
orca behaviour, reports Aimee Gabay 


MARTIN EVANS, a sailor on his way 
to Greece, was about 80 kilometres 
from Gibraltar on 17 June when he 
saw the orcas. “I knew immediately 
that we were having a major issue,” 
he says. “Ijumped onto the helm 
and tried to hand steer the boat, 
but it was ripped from my hands 
with tremendous force.” 

For 2 hours, about a dozen 
orcas, also knownas killer 
whales, circled the boat, bashing 
repeatedly against the bottom. 

“At one point, I looked astern and 
saw bits of the rudder that were 
broken off floating away,” he says. 

An increasing number of orca 
interactions like these have been 
reported since marine traffic 
started returning to the Strait 
of Gibraltar in mid-2020, after 
the lifting of pandemic lockdown 
measures. There were 41 reported 
encounters in July 2021 and 
25 in August, all along the 
Iberian Peninsula, but mostly 
in Gibraltar’s waters. 

On 5 August, just off Cape 
Trafalgar, sailors Elisabeth Heig]l- 
Berger and Markus Berger were 
surrounded by orcas when they 
noticed parts of their rudder 
floating away. “They appeared 
out of nowhere,’ says Heig]-Berger. 
“The whales turned our sailing 
yacht in a circle, pushed us back 
and forth and swam again and 
again under the ship to hit the 
rudder and the keel.” 

The encounter lasted more than 
an hour. Local fisher Joey Catania 
was one of the rescuers called to 
tow the boat to safety. Recalling 
the moment he pulled up next 
to them, he says, it was clear 
“they had feared for their lives”. 

Catania, who has fished in 
Gibraltarian waters for decades, 
says these interactions are very 
unusual for this critically 
endangered subpopulation 
of orcas (Orcinus orca). 

These orcas were already known 


to take Atlantic bluefin tuna 


(Thunnus thynnus) from the lines 
of fishing boats. “The killer whales 


would patiently wait for the 


fishermen to catch and fight with 


the fish until it was exhausted 
and then, once the fishermen 
were ready to bring it on board, 
they would ‘attack’, bite and steal 
the tuna,” says Susana Garcia 
Tiscar at the Autonomous 
University of Madrid in Spain. 
This, however, is as far as 
interactions with fishers used 
to go. The orcas were never 
previously interested in vessels. 
Jose Luis Cort, now retired 
from the Spanish Institute 
of Oceanography, has been 


Arescue boat called after 
anorca “attack” (top); an 
orca (bottom left); and 
equipment damaged by 
an orca (bottom right) 
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researching the biology and 
dynamics of migrating bluefin 
tuna in the Strait of Gibraltar 
since 1973. Since the International 
Commission for the Conservation 
of Atlantic Tunas implemented 

a recovery plan in 2007, “the 
spawning population has been 
recovering from the overfishing 
suffered in previous decades”, he 
says, and this may be contributing 
to new orca behaviour. 

However, researchers at GT Orca 
Atlantica, a group comprising 
scientists, local authorities, 
non-governmental organisations, 
whale watching companies and 
others, say there isn’t enough 
evidence to explain the orca’s new 
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boat-directed behaviours. The 
group has developed an action 
plan to prepare seafarers for 

any potential run-ins. The plan’s 
recommendations include 
stopping the boat, taking down 
the sails and releasing the wheel. 


41 


disruptive encounters with 
orcas were reported in July 


Spanish authorities have also 
ordered aban on vessels shorter 
than 15 metres long from sailing 
off the nearby Spanish coast 
between Cape Trafalgar and 
Barbate until 22 September, 
to ensure the protection of 
sailors, their boats and marine 
biodiversity. 

The working group is trying 
to predict what the orcas will do 
next. “We think that orcas will be 
moving to the north of Spain, and, 
probably, they will interact with 
vessels there,” says Ezequiel 
Andréu Cazalla, a cetacean 
researcher involved with GT Orca 
Atlantica. This population of orcas 
usually comes to the Strait of 
Gibraltar in the summer months, 
to spawn and to feed on tuna 
migrating into the Mediterranean 
Sea. Once the tuna have all crossed 
through the Strait, the orcas tend 
to return to the Atlantic Ocean. 

There have already been reports 
of orcas exhibiting disruptive 
behaviour in Portugal, “but we are 
not sure that all the individuals 
left the Strait of Gibraltar and, 
because of that, we think that 
sailing restrictions in the Strait 
should be maintained longer”, 
says Andréu Cazalla. 

For now, the reason for this 
behaviour remains a mystery. 

“I don’t think we can consider 
them attacks if we can’t fully 
understand their motivation,” 
says Garcia Tiscar. I 
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News 


Astrophysics 


Black holes just got weirder 
thanks to quantum pressure 


Leah Crane 


BLACK holes may have their 
own exotic version of pressure 
that is different from the sort 
found everywhere else in the 
universe, a finding that has 
surprised physicists. 

The question of how quantum 
mechanics and gravity fit 
together is one of the biggest 
mysteries in modern physics, 
and the edge ofa black hole 
is one of the few regions with 
conditions extreme enough 
for the effects of both to be 
simultaneously relevant. Xavier 
Calmet and Folkert Kuipers at 
the University of Sussex in the 
UK used a framework called 
quantum field theory to explore 
what happens when quantum 
mechanics and gravity meet at 
the edge ofa black hole. 

They calculated how tiny 
quantum fluctuations would 
create effects not accounted 
for by our standard equations 
of gravity. These calculations 
revealed a surprising variable, 
which seems to suggest that 
fluctuations of quantum 
particles at the edge ofa black 
hole should give the black hole 
pressure (Physical Review D, 
doi.org/gvnm). 
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concept of pressure involves 
molecules pushing against an 
object and bouncing offit —but 
the edge, or event horizon, of 
a black hole is nearly empty. 
“The source of the pressure 
here has to be 100 per cent 
purely quantum fluctuations,” 
says Stephen Hsu at Michigan 
State University. Quantum 
fluctuations create virtual 
particles, which could, in 
theory, drive the pressure. 
“Tt’s not the sort of pressure 
that we’re used to,” he says. 


“It was fully unexpected,” says “The black hole’s pressure 


Calmet. When black holes were 
first hypothesised, physicists 
thought that they should be 
extremely simple. Later work 
by Stephen Hawking and others 
showed that they do emit 
particles in a process now 
known as Hawking radiation, 
which means that they must 
have atemperature. That in 
itself was a surprise. Now, the 
addition of pressure means 
that black holes are even 
more complicated, says Calmet. 
However, the team hasn’t 
yet figured out what this 
pressure might mean ina 
physical sense. The everyday 
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is negative, so it should 
cause the black hole to 
shrink over time” 


Ifyou imagine a black hole’s 
event horizon like a balloon, 
the pressure isn’t coming from 
the interior or exterior to shrink 
or expand the balloon, it is 
coming from within the 
balloon’s material itself. 

“One can imagine the horizon 
as a quite peculiar surface, and 
the pressure will therefore 
push it inward (if negative) 
or outward (if positive), which 
correspond to a reduction or 
growth of the black hole mass, 


Artist’s impression 
of bright matter at 
a black hole’s edge 


respectively,” says Roberto 
Casadio at the University 
of Bologna in Italy. 

The researchers found 
that the pressure was negative, 
so it should cause a black hole 
to shrink over time. This is 
consistent with other work that 
suggests black holes get smaller 
as they undergo Hawking 
radiation. The two phenomena 
might be connected, but right 
now this is unclear. 

It may take along time to 
figure out exactly where this 
pressure comes from and what 
its consequences are for our 
understanding of black holes, 
says Hsu. But because it comes 
from quantum fluctuations, 
learning more about it could be 
a step towards understanding 
quantum gravity. 

“Any new feature we 
discover about black holes 
on the quantum level can 
give us pointers on how to 
merge gravity and quantum 
mechanics, and what features 
this underlying theory must 
have,” says Calmet. ff 


ELLIOT LOWNDES 


Marine biology 


Sea fireflies adapted 
threatening glow 
to attract mates 


Jake Buehler 


ROUGHLY half of all species 

of ostracods - bean-shaped 
crustaceans about the size of a 
sesame seed - can eject clouds 

of dazzling blue mucus to startle 
would-be predators. But in one 
group of these “sea fireflies” that 
lives in the Caribbean Sea, males 
can use the mucus to create glowing 
patterns to attract mates. 

Todd Oakley at the University of 
California, Santa Barbara, and his 
colleagues analysed RNA from 45 
species of bioluminescent ostracods 
from around the world, then built 
an evolutionary tree. This showed 
how the species were interrelated, 
and with the help of fossils, it was 
possible to estimate how long ago 
the lineages diverged. The team 
found that sea fireflies got their 
glow roughly 267 million years 
ago, well before the first dinosaurs. 

The study confirms that 
ostracods co-opted their defensive 
glow charges for reproductive ends 
an estimated 2153 million years 
ago when they split off from their 
defensively luminous relatives 
(bioRxiv, doi.org/gvrr). 

“We were surprised to find that 
[the transition] was quite a bit older 
than we expected,” says Oakley. 
The Caribbean Sea didn’t fully 
form until a few million years ago, 
suggesting that the sea fireflies 
that use bioluminescence to 
attract others may have got 
their start somewhere else. I 


A female ostracod 
(Photeros annecohenae) 
releasing bioluminescence 
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Palaeontology 


Giant terrorised ancient seas 


At atime when almost all life was tiny, Titanokorys would have loomed large 


Riley Black 


MOST early animals of the 
Cambrian period were small 
enough to fit in the palm of your 
hand. Buta recently discovered 
predator from this era named last 
week was a giant in comparison, 
growing to halfa metre long. 

Named Titanokorys gainesi, 
the impressive invertebrate is a 
reminder of just how much is left 
to uncover in the fossil record of 
life during the Cambrian, which 
was about halfa billion years ago. 

Described by palaeontologists 
Jean-Bernard Caron and Joseph 
Moysiuk, both at the Royal 
Ontario Museum in Canada, 
fossils of this species were first 
uncovered in 506-million-year- 
old rock at Marble Canyon in 
Kootenay National Park, British 
Columbia, Canada, in 2014. 

“They [the fossils] were 
somewhat enigmatic at that time,” 
says Moysiuk. But the discovery 
of a better fossil in 2018 helped 
show that those remains were 
something we hadn’t seen 
before (Royal Society Open 
Science, doi.org/gvq). 

To date, Caron and Moysiuk 
have identified a dozen specimens 
of T. gainesi. The species was an 
invertebrate with a large, rounded 


head shield that gave it the 
appearance of a sci-fi spaceship. 
There is no creature quite like 
this alive today. 

In fact, T. gainesi is categorised 
as amember ofan early animal 
group called the radiodonts — 
evolutionary cousins of early 
arthropods. They were often 
distinguished by segmented, 
grasping appendages for 
capturing prey and their 
pineapple slice-shaped mouths. 
Some radiodonts grew even larger 
than T. gainesi. One species that 
lived some 25 million years later, 


Aegirocassis benmoulai, grew to 
more than 2 metres in length. 
Researchers have found 
broadly similar creatures in 
Kootenay before. In 2019, Caron 
and Moysiuk described a smaller 
invertebrate from the same fossil 
site and named it Cambroraster 
falcatus. This animal had 
specialised grasping appendages 
suited to sifting through sediment 
for tiny morsels of food, a trait 


An artist’s reconstruction 
of Titanokorys gainesi, 
viewed from the front 


that Titanokorys shares. 

While the two are probably 
distinct species, Joanna Wolfe 
at Harvard University says 
caution is needed, given that 
the larvae or early life stages of 
some arthropods seem different 
from the adult forms. With many 
new Cambrian species being 
named from various fossil sites, 
including another important 
location in British Columbia, it 
is possible some might represent 
the same species at different 
developmental stages. 

Nevertheless, the anatomy 
of the new fossil species indicates 
that T: gainesi moved along the 
ancient sea bottom. “The 
very broad head carapace of 
Titanokorys resembles the form 
of some modern organisms 
adapted to life near the sea 
bottom, like horseshoe crabs,” 
says Moysiuk. Different radiodont 
species have appendages adapted 
to different uses, Wolfe notes, 
from stabbing to sifting. 

The fact that Titanokorys and 
Cambroraster lived alongside 
each other and fed in similar ways 
suggests that the Cambrian reef 
sediments they patrolled were 
rich in tiny morsels. 


Technology 


Almost no one 
encrypts emails 
because itis ahassle 


JUST 0.06 per cent of emails are 
encrypted, according to an analysis 
of millions of messages. 

Christian Stransky at Leibniz 
University Hannover, Germany, and 
his team analysed emails sent by 
37,000 of the university's students 
and staff between January 1994 
and July 2021. Only 5.46 per cent 
of users had ever used encryption 


tools such as S/MIME or PGP - 
the latter of which has existed for 
30 years. In all, 0.06 per cent of the 
81 million emails were encrypted. 
Email encryption works by 
scrambling text sent in an email 
and only allowing it to be decrypted 
if the recipient has a “key” that 
matches the one the sender used. 
The process is designed to stop 
unwanted access to messages as 
they are transmitted through the 
internet, and it is separate from 
encryption schemes used to secure 
the connection to an email provider. 


“S/MIME and PGP are not very 
usable for normal users,” says 
Stransky. Both require installing 
specialist email clients and 
sometimes third-party tools to use 
them. The adoption of built-in PGP 
encryption into email clients like 
Thunderbird since July 2020 has 
made it slightly easier, says Stransky. 
However, Thunderbird has a tiny 


“Email encryption tools 
such as S/MIME and PGP 
aren't very accessible 
for normal users” 


fraction of the email market. 
“Personally, | think the main 
reason is it’s just such a faff to 
set up, and particularly to manage 
keys,” says Alan Woodward at the 
University of Surrey, UK. “With the 
rise of end-to-end encryption in 
messaging apps [such as WhatsApp], 
which just happens as if by magic, 
users naturally use that route if they 
want to have a private conversation.” 
The researchers will present their 
work at the IEEE Symposium on 
Security and Privacy next year. I 
Chris Stokel-Walker 
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News In brief 


Zoology 


Kakapo parrots 
see off bad genes 


THE kakapo, a highly endangered 
parrot in New Zealand, has 
survived as an inbred population 
for so long that it has fewer 
harmful mutations than expected. 

The finding comes from the first 
genomic study of the flightless 
kakapo (Strigops habroptilus), only 
204 of which remain. There were 
once hundreds of thousands in 
New Zealand, but their numbers 
fell after settlers arrived from 
Polynesia about 700 years ago and 
with the arrival of Europeans, who 
introduced cats, rats and stoats. 

In the 1970s, kakapo were 
thought to be extinct, but then 50 
were found on Stewart Island and 
were moved to smaller sanctuary 
islands cleared of predators. 

Love Dalén at the Centre for 
Palaeogenetics in Stockholm, 
Sweden, and his team compared 
the genes of 35 of the sanctuary 
birds with those of 13 old museum 
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specimens from the mainland 
plus one found living on the 
mainland in 1975. 

The birds on Stewart Island were 
thought to have been taken there 
in the past 500 years, based on 
historical accounts and an absence 
of kakapo fossils. In fact, the 
analysis shows the birds on the 
island and mainland diverged 
about 10,000 years ago, suggesting 
they were there when waters rose 
to form the island at that time. 

As expected, the kakapos on 
Stewart Island have less genetic 
diversity than the mainland birds. 
But surprisingly, they have an 
average of 18 potentially harmful 
mutations per bird, compared 
with 34 in the museum specimens. 

This is probably because 
ofa process called “purging”, 
when communities become so 
inbred that harmful mutations 
accumulate and individuals with 
two mutated copies ofa particular 
gene have fewer offspring (Cell 
Genomics, doi.org/gvqz). 

Clare Wilson 


ACS DOI:10.1021/ACSCENTSCI.1C00829 


Climate change 


New sign that polar bears 
suffer in a warming world 


AS GLOBAL heating causes Arctic ice 
to melt, archipelago-based polar 
bears are having more difficulty 
reaching each other, especially 
during mating season, resulting in 
what researchers have dubbed an 
“alarming” drop in gene flow and 
genetic diversity due to inbreeding. 

A team at the Norwegian Polar 
Institute in Tromso have collected 
tissue samples from polar bears 
(Ursus maritimus) on Svalbard’s 
islands in the Barents Sea since 
1995. Most of these bears usually 
roam across Sea ice throughout the 
archipelago and often mate with 
bears in other regions. 

In recent decades, however, 
global warming has led to a rapid 
drop in the extent and thickness of 
sea ice - particularly on Spitsbergen, 
the westernmost island. It has also 
caused the winter ice to melt earlier 


Materials 


Plastic muscles 
power wooden arm 


A POLYMER that changes shape 
when heated can lift objects 
5000 times its own weight, with 
potential applications in robotics. 
Shape-memory polymers 
flip between their normal state, 
where molecules are flexible and 
disordered, and their deformed 
state, where molecules bind after 
being stretched. In the stretched, 
deformed state, the polymer can 
be made to resume its “normal” 


in spring, hitting breeding season. 

Simo Maduna at the Norwegian 
Institute of Bioeconomy Research in 
Svanvik and his colleagues analysed 
the DNA of 622 bears, representing 
four geographical regions of the 
archipelago: north-west, north- 
east, south-west and south-east. 

They found that genetic diversity 
has dropped since the mid-1990s, 
by as much as 10 per cent in the 
most affected north-west region, 
suggesting the bears are mating 
more locally than before. Genetic 
subpopulations have begun to form. 

Modelling shows that, as global 
warming continues, these genetic 
changes will intensify. Over time, 
that could threaten survival by 
limiting the bears’ ability to cope 
with disease (Proceedings of the 
Royal Society B, doi.org/gvgh). 
Christa Lesté-Lasserre 


state by applying heat or light. 
However, traditional shape- 
memory polymers don’t store 
a lot of energy while stretched — 
meaning they don’t release much 
energy while contracting, which 
limits their use in tasks that 
involve lifting or moving objects. 
Zhenan Bao at Stanford 
University in California and her 
team have now produced a shape- 
memory polymer that does store 
and release appreciable amounts 
of energy. Their version has a 
polypropylene glycol backbone to 
which they added 4-,4’-methylene 
bisphenylurea units, but it has to 
be heated to 70°C to unstretch. 
The polymer can be stretched 
to five times its initial length and 
store up to 17.9 joules of energy per 
gram —six times that of most other 
such polymers. To demonstrate 
potential uses, the team used the 
material as an artificial muscle 
that, when heated, operated the 
elbow joint ofa mannequin made 
of wood (ACS Central Science, doi. 
org/gvqp). Chris Stokel-Walker 
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Really brief 


Gene for cat fur 
patterns identified 


A genetic sequence 

that determines the 

colour of cat fur has 

been discovered after 
researchers examined fetal 
cat skin cells in the lab. The 
gene - DKK& - influences 
the thickness of skin, which 
affects the pigmentation of 
the fur the skin produces 
(Nature Communications, 
doi.org/gvaqf). 


Deadly effects of 
wildfire pollution 


Wildfires are taking a 

lethal toll on human health. 
Astudy looked at daily 
deaths in 749 cities in 

43 countries and levels of 
air pollution from wildfires 
in each city. The work 
suggests 33,500 deaths 
worldwide each year are 
caused by wildfire pollution 
(Lancet Planetary Health, 
doi.org/gmrcmaq). 


Blood test could 
reveal covid-19 risk 


We could tell which people 
with covid-19 are likely 

to get very ill with a simple 
blood test. After studying 
blood samples from 115 
people who had covid-19, 
researchers found those 
who later became severely 
ill often had high levels of 
particular antibodies that 
attack DNA (Life Science 
Alliance, doi.org/gvqg). 


SCIENCE PHOTO LIBRARY/ALAMY 


Palaeontology 


Ancient primate had 
tooth decay like us 


WE CAN develop dental cavities 
over time because sugars in our 
diet support oral bacteria that 
release demineralising acids. 
Now there is evidence that early 
primates had this problem too. 
Keegan Selig and Mary Silcox 
at the University of Toronto 
Scarborough in Canada examined 
the fossilised teeth from the 
remains of 1030 Microsyops 
latidens, a primate that lived in 
the Early Eocene about 54 million 
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ction of genetic material 
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years ago. They found that 7.48 per 
cent of individuals had cavities, 

a higher frequency than seen in 
most current primates other than 
some capuchins and tamarins. 
This is the oldest known evidence 
of dental cavities in any mammal, 
according to the team. 

One possible explanation is 
that M. latidens had a taste for 
high-sugar foods, such as fruit, 
which could have led to these 
cavities if it ate alot ofthem. 

The fossils came from slightly 
different levels in an ancient rock 
sequence in Wyoming and so 
provide evidence of the M. latidens 


could be a way to beat cancer 


USING a type of RNA to launch an 
immune attack on cancer can shrink 
tumours in mice and is now being 
tested in people. 

Messenger RNAs (mRNAs) are 
molecules that help cells make 
proteins. They have notably been 
used in some covid-19 vaccines. 

BioNTech, the German company 
that developed Pfizer’s mRNA 
covid-19 vaccine, is now testing 
whether mRNAs can be used to 
treat cancer by stimulating cells to 
produce tumour-fighting proteins. 

It made a mix of four MRNAs that 
tell cells to make four proteins called 
cytokines that attack cancer cells. 

When they injected these mRNAs 


directly into melanoma skin cancer 
in 20 mice, immune cells in the 
tumours began making large 
amounts of these cytokines. The 
resulting immune response caused 
the tumours to vanish in all but one 
of the mice in less than 40 days. 
The mRNAs also suppressed 

lung tumours in mice (Science 
Translational Medicine, DOI: 
10.1126/scitm.abc7 804). 

The safety of the mRNAs is being 
tested in 231 people with advanced 
melanoma, breast cancer and other 
solid tumours. Preliminary results 
from 17 of them presented last year 
showed they had no serious side 
effects. Alice Klein 


population over an extended 
period, perhaps over thousands 
of years. At certain levels in the 
sequence, the incidence of cavities 
was even higher; at one level, 

17 per cent of individuals were 
affected (Scientific Reports, doi. 
org/gvqq). This fluctuation could 
be explained by changes in diet, 
say the researchers. 

Although the results are 
interesting, lan Towle at London 
South Bank University points out 
that the damaged teeth could also 
reflect a diet rich in acidic foods 
rather than sugary ones. 

Krista Charles 


Biotechnology 


Frog froth could be 
used to treat burns 


FOAM that some frogs produce to 
make nests could be used in future 
pharmaceuticals and cosmetics 
because it can keep its shape for 
more than a week, isn’t likely to 
irritate our skin and can slowly 
release drugs for days. 

Known as incubator foam 
because it protects eggs and 
tadpoles, the material withstands 
harsh tropical conditions, says 
Paul Hoskisson at the University 
of Strathclyde in Glasgow, UK. 

Hoskisson and his colleagues 
collected about 200 foam 
nests from wild tungara frogs 
(Engystomops pustulosus). 

Force testing revealed that 
the substance could withstand 
remarkably high shear stress — 
100 pascals, or about as strong as 
a 45 kilometre per hour wind. 

To check medical possibilities, 
they incubated human skin cells 
with the foam and found no 
toxicity. Next, they loaded dyes 
and an antibiotic, rifampicin, into 
the foam to measure time-release 
abilities. The foam released the 
compounds over two to seven 
days —in contrast to the hours or 
minutes of drug release by current 
medical foams. This may make it 
useful for treating burns, says 
Hoskisson (Royal Society Open 
Science, doi.org/gvqw). CLL 
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Contagion culture 


The new social norm of isolating when ill with covid-19 should apply 
to other infectious diseases such as flu, says Jonathan Goodman 


EVERAL years ago, when I 
S:: working at a hospital in 
health research, I caught one 

of the bugs that were invariably 
transmitted around the building. 
I decided against commuting 
in, but I wasn’t so unwell that I 
couldn’t work from home. My 
manager informed me, however, 
that the hospital had a policy: if 
you are too ill to come to work, 
you are too ill to work from home. 

While the reasoning for this rule 
is sound, its effects may have been 
dangerous: to avoid taking a sick 
day and falling behind on work, 
many people would have gone to 
their office, risking transmission. 

Many companies now have 
policies against going into 
workplaces when ill, but it has 
taken a global pandemic to 
highlight what should be a basic 


ethical norm: an individual should 


be responsible for reducing the 
risk of passing on the pathogens 
they catch. One of the lessons of 
the covid-19 pandemic is that 
public health is everyone’s 
responsibility — or it should be. 
People feel a lot of pressure to 

work regardless of how they feel. 
A 2021 report from the Chartered 
Institute of Personnel and 
Development found, for example, 
that 75 per cent of surveyed 
UK employees reported 
presenteeism — continuing to 
work when sick or injured -—in the 

_ workplace over the preceding 

Z 12 months. Presenteeism has a 

& long history, but it seems that not 

@ even a global pandemic can stop it. 

Laws in the UK and the US 


MICH 


explicitly prohibit intentionally 
or recklessly infecting another 
person with diseases, including 
covid-19 and sexually transmitted 
infections. And yet many people 
continue to work and expose 
themselves to others when sick, 
without legal consequences. 
Should these countries consider 
prosecuting a majority of working 
adults for breaking the law? Or 
decide that this behaviour isn’t 
obviously reckless? Neither, 
of course, is palatable. 
We need a cultural shift, not 
a legal framework, to encourage 
employees, family and friends 
to recover from illness before 


returning to their daily lives. 
Companies must also play a role: 
sick leave should be expanded to 
protect other employees and the 
public, rather than be seen as 
solely the sick employee’s benefit. 
Behaviours like presenteeism 
perpetuate the transmission of 
the illnesses infecting us every 
year. One example is how we 
live with flu. Despite the fact 
that many experience it asa 
mild infection, seasonal flu kills as 
many as 650,000 people annually. 
That’s 6.5 million deaths ina 
decade — 2 million more than have 
died due to covid-19 in its short 
history. So when politicians like 


Culture 
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UK health secretary Sajid Javid say 
that we should live with covid-19 
much as we live with flu, they are 
asking us to accept millions of 
preventable deaths. 

In anarticle published earlier 
this year in Public Health Ethics, 
philosophers Neil Levy and Julian 
Savulescu, both at the University 
of Oxford, argue that covid-19 
highlights the social norms we 
ought to change, not only when 
we face future pandemics, but 
with any pathogens that pose 
an ongoing public health threat. 

This will be true regardless 
of whether covid-19 is, as some 
people argue, here to stay. Between 
other coronaviruses, flu and the 
hundreds of infectious pathogens 
humans carry with unknown 
health implications, avoiding 
contact with others while we 
are symptomatic will stymie 
transmission and save lives. 

Rather than treating covid-19 
like flu, we should treat yearly 
outbreaks of flu and other 
pathogens more like covid-19. 
Our comfort with spreading 
viruses that we don’t consider 
deadly is, itself, an ethical failing. 

And to the degree that we 
don’t change our norms around 
contagion, we disrespect the 
millions of lives we have lost over 
the past 18 months, and that we 
lose every year to other diseases. ff 


Jonathan R. Goodman 
is at the Leverhulme 
Centre for Human 
Evolutionary Studies 
in Cambridge, UK 
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Views Columnist 


Chanda Prescod-Weinstein 

is an assistant professor 

of physics and astronomy, 

and a core faculty member 

in women’s studies at the 
University of New Hampshire. 
Her research in theoretical 
physics focuses on cosmology, 
neutron stars and particles 
beyond the standard model 


Chanda’s week 


What I’m reading 

As part of a collaboration, 
Tam reading Plantation 
Politics and Campus 
Rebellions: Power, 
diversity, and the 
emancipatory struggle 
in higher education, 
edited by Bianca C. 
Williams, Dian D. Squire 
and Frank A. Tuitt. 


What I’m watching 

The new version of 
Candyman directed by 
Nia DaCosta was brilliant. 


What I’m working on 
It’s letter of 
recommendation 
season, so I’m working 
ona bunch of those! 


This column appears 
monthly. Up next week: 
Graham Lawton 
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Field notes from space-time 


Into the unknown We like to think that science can give us 
definitive answers to our questions, but uncertainty is a crucial 
part of the scientific process, writes Chanda Prescod-Weinstein 


ARLIER this month, science 
i journalist Adam Mann 
reported a story for Science 
News that had one of my favourite 
headlines of 2021: “Astronomers 
may have seen a star gulp down 
a black hole and explode.” 

The article discusses anew 
paper, published in Science on 
3 September, that describes 
observations of a supernova 
that were collected with the 
Very Large Array radio telescope 
in New Mexico. The strong radio 
signal observed in coordination 
with this event suggested to lead 
researcher Dillon Dong and his 
team that they should follow 
up using a different set of 
tools, this time through optical 
and X-ray observations. 

When they took a holistic 
look at the data, they came to 
the conclusion that the most 
sensible model that matched 
the observational data is almost 
Shakespearean in nature. 

Two stars, both alike in their 
gravitational attraction to each 
other, were in a binary orbit. 

One went supernova, leaving 
behind a compact stellar 
remnant -—a neutron star or a black 
hole. The binary, gravitational 
attraction continued until the 
compact remnant eventually sank 
into the remaining star, ultimately 
leading to yet another nova. 

Ienjoyed the Science News piece 
for a couple of reasons. First, what 
a stellar piece of headline writing 
that brings a deeply unfamiliar 
physical environment into a 
relatable context. Second, Mann’s 
writing succeeds at being both 
accessible and exciting. 

Though I ama professional 
scientist, when it comes to 
reading outside my main topic 
of interest, I join the general public 
in being somewhat dependent 
on fellow science writers to 
keep me informed about new 


developments. Like people who 
don’t study astrophysics at all, 
Istill stand to learn something 
from science in the media. 

On the other hand, one of the 
best parts of being a professional 
physicist who reads popular 
science is that when get really 
excited about an idea, I head 
right to the source and don’t 
rely solely on other people’s 
interpretations. This is exactly 
what I did after reading Mann’s 
excellent rundown. 

In this particular case, I felt the 
urge to look at the Science paper 
because my training as a physicist 
has led me to always read these 


“Exactly how sure are 


we that this model 
best fits the data? 
That is the question 
every scientist has 
been trained to ask” 


stories with a healthy scepticism. 
Exactly how sure are we that the 
model held up in this paper is 
the best one to fit the data? 

That I am asking this question 
isn'ta knock against the team 
involved. This is always the key 
question that every scientist has 
been trained to ask, especially 
ina field like astronomy where 
experiments can’t exactly 
be replicated. 

To give youasense ofthe 
translation work required, 
the title of the actual paper is: 

“A transient radio source 
consistent with a merger-triggered 
core collapse supernova.” My first 
task is actually parsing this title. 

A transient is an astronomical 
phenomenon that occurs on 
human timescales — from 
seconds to years. A “radio source” 
means the paper is about radio 
observations. And “merger- 
triggered core collapse supernova” 


is a fancy way of saying that 
two stars collided anda 
supernova occurred. 

All ofthe terms in the title are 
key, but the one that related to my 
question was “consistent”. In other 
words, the paper isn’t actually 
claiming for certain that what 
the team observed was a merger- 
trigged core collapse supernova. 
What the researchers are saying 
is that the data can be explained 
by this model, giving merit to the 
model and providing a plausible 
explanation for the data. 

You might find yourself 
wondering whether this careful 
non-commitment is a weakness, 
but to meas ascientist, itisa 
strength that makes me inclined 
to trust the authors. I know that 
the researchers involved probably 
aren’t making claims beyond 
what the data indicates. 

Maybe this is disappointing 
to hear. After all, science is 
frequently discussed in public 
as ifit is authoritative. “Science” 
becomes synonymous with 
“known”. Indeed, there is much 
knowledge that we feel certain 
about, thanks to scientific work. 
But before we arrive at a place of 
certainty, there is the actual doing 
of science, which means operating 
at the boundary of what is known 
and unknown. 

Science requires a flexible 
mindset: we may think we are 
right about something and turn 
out to be wrong. As we gather 
more data, our perspective 
may change. The public is 
getting a lesson in real time 
about what this looks like 
with the covid-19 pandemic. 

Happily, these questions about 
supernovae are only a matter of 
life and death for distant stars, 
not people. Here, it is easier to 
get comfortable with a bit of 
uncertainty about what exactly 
we know and don’t know. ff 
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Coiled spines 


Photographer Karly Cohen 


MORAY eels are known for their 
long, flexible spines and highly 
specialised double jaws that let 
them swallow large prey whole. 
Now, these unique skeletal 
features have been imaged 

in exquisite detail. 

Karly Cohen at the University of 
Washington in Friday Harbor took 
these computerised tomography 
(CT) scans of two purplemouth 
moray eels (Gymnothorax vicinus) 
for her colleague Andrew Clark at 
the College of Charleston in South 
Carolina, who is studying their 
vertebrae. The images, of museum 
specimens, show the eels’ many 
vertebrae — 132 in total. 

The scans also reveal their 
fearsome double jaws. These fish 
use one jaw to grab and hold their 
prey, and then their second jaw-— 
which sits further back in their 
throat —- shoots forward and 
drags the prey deep into the eel’s 
digestive tract. One of the eels (top 
right) still has a fish inside it that it 
ate whole. “The fish is way larger 
than the mouth ofthe moray eel 
itself, so this really shows you 
what they’re able to do with their 
cool morphology,’ says Cohen. 

She imaged these specimens, 
each around 80 centimetres long, 
by soaking them in ethanol to 
keep them moist, wrapping them 
in cheesecloth and curling them 
up tightly inside 3D-printed plastic 
cannisters to keep them in place. 

Cohen’s work is part ofa larger 
project aiming to perform CT 
scans of all 30,000 known species 
of fish, mostly using museum 
specimens. “CT is anon- 
destructive way to see inside fish 
and understand their skeletons, 
not just what they look like on the 
outside, so it’s a really valuable 
tool,” says Cohen. # 


Alice Klein 
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Editor’s pick 


Some quantum thinking 
can lead you into trouble 


28 August, p 34 
From Guy Cox, Sydney, Australia 
Your special issue on quantum 
frontiers alludes to the question of 
whether an observer is necessary 
for a wave function to collapse. 
Some people think this implies 
a conscious, human observer. 
However, this leads inevitably to 
the paradoxical conclusion that 
if it were true, we couldn't exist. 
Almost all life on Earth, 
including human life, depends on 
photosynthesis. In photosynthesis, 
a photon interacts with a molecule 
of chlorophyll and its wave function 
collapses. The energy of the photon 
is transferred to an electron, raising 
it to an excited state. The photon, 
since it is a quantum of pure energy 
with no rest mass, ceases to exist. 
The energy is transferred through 
a chain of molecules, exciting an 
electron in each by the de-excitation 
of the preceding one, to the 
photosystem Il reaction centre 
where the energy is used to split 
water into hydrogen and oxygen. 
This wave-function collapse, 
and the chemical reaction it powers, 
had been taking place for more 
than 2 billion years before the first 
humans walked Earth. Without it, 
there would be no complex plant 
and animal life. 


Fast forward to New 
Scientist in the year 4521 


4 September, p 18 
From Simon Aldridge, London, UK 
Annalee Newitz’s thought- 
provoking article suggests that 
the way we considered coins 
2500 years ago is similar to how 
we regard computers today, and 
that our thinking about them 
will inevitably change as we add 
more levels of abstraction. 
Interestingly, many modern 
theories of mind compare 
consciousness to computers — 
we have “memory”, we “process” 
thoughts via neural “networks” 
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that translate inputs to outputs 
via internal “software”. 

As our understanding ofthe 
mind increases, it may be that 
we lose such language, along 
with unverifiable ideas such as 
the existence of the self, free 
will and even thought itself. The 
resulting change in language will 
apply not only to the mind, but to 
everything — coins and computers 
included. These changes are 
explained in New Scientist in 
the year 4521. It won’t be thought- 
provoking, because there will be 
no such thing as a thought. 


No matter what, spite 
really isn’t ever right 
4 September, p 40 
From Neil Donovan, 
Okehampton, Devon, UK 
Based on direct (personal and 
observational) experience, I have 
to question the idea that spite has 
any upside. If acting with spite 
pays offin competition, then you 
end up with more spiteful people 
in power. Since acting out of spite 
helped them get ahead, many may 
continue to act spitefully to retain 
authority and seek more power. 
Often behaving spitefully 
becomes so instinctive that such 
individuals act this way because 
it has become part of who they are. 
Kicking or undermining others 
becomes just a way of controlling 
people that, in their experience, 
works. How is such suppression, 
which soon becomes oppression, 
ever likely to improve society? 
Spite is acomponent of bullying. 
There is no upside for society. 


Joanna McManus, 

Southampton, UK 

In your fascinating article on spite, 
I was surprised by the example 
“slow down to annoy tailgaters, 
even though it puts everyone in 


danger”. When I was taught to 
drive in the 1980s, I was told to 
carefully slow down when 
someone is tailgating. The reason 
given was that if someone is less 
than a safe braking distance 
behind you, you should slow 
down to the speed at which that 
distance becomes a safe one. 

To any habitual tailgaters 
reading this, it might be caution 
rather than spite motivating the 
brake lights ahead. 


Listen up, here’s another 
blow for the robot cars 


31 July, p 45 

From Robert Checchio, 

Dunellen, New Jersey, US 

Jeff Hecht notes the visual 
problems that self-driving cars 
have with identifying missing lane 
indicators, obscured road signs 
and so on. But there is another 
important set of warnings that 
isn’t mentioned: audible signals 
like train whistles and sirens. 
These give clues about potential 
conflicts that a visually oriented 
autonomous vehicle could miss. 


Carbon equivalent of 
ration books needed 


4 September, p 34 
From Ian Cairns, 
Seaford, East Sussex, UK 
The article “A day ina net-zero life” 
provides a vision of the future, but 
didn’t get into the transformation 
of economies and our own 
behaviour that will be required 
to reach this utopia. 

In my opinion, the only hope 
of achieving this is through legal 
restrictions on our personal 
carbon production. As was done 
during the second world war, to 
make sure that everyone, rich and 
poor, does their bit, we should 
introduce carbon rationing. 


Want to get in touch? 

Send letters to letters@newscientist.com; 

see terms at newscientist.com/letters 

Letters sent to New Scientist, Northcliffe House, 
2 Derry Street, London W8 5TT will be delayed 


Every person will have the same 
annual allowance and each time 
they make a carbon transaction — 
buying a flight, a steak or a bunch 
of grapes from Chile, filling a 
petrol tank and so on-the carbon 
cost is deducted from their ration. 
Those with leaner lifestyles — not 
running acar for instance —can 
sell their excess ration to others. 
Each year, the ration is reduced by 
the amount required to take us all 
smoothly to net zero by 2050. 


Nature’s even better if you 
leave the tech on the shelf 


28 August, p 44 

From Bryn Glover, Kirkby 
Malzeard, North Yorkshire, UK 
With great pleasure, Ican report to 
being at one with Richard Webb’s 
piece, “At one with nature”. 

Unlike Webb, however, and to 
the ongoing dismay of my family, 
Istill don’t possess a smartphone 
(or any portable communications 
device). This is despite strenuous 
efforts on their part to demonstrate 
that a walk in the country needn't 
involve racking my brain as I try 
to recall names of flowers and 
fungi learned for school exams 
more than 60 years ago. 

What they don’t realise is that 
this struggle is part of the pleasure, 
and that to finally wrench out a 
Linnaean binomial is intensely 
gratifying. I picked up in Webb’s 
penultimate entry that he, too, was 
approaching this state of mind. 


The great potato chitting 
experiment results are in 


2 January, p51 

From Conrad Jones, 

Cynwyl Elfed, Carmarthenshire, UK. 
Clare Wilson asked at the start of 
the vegetable gardening season if 
chitting seed potatoes made any 
difference to the crop. My results — 
two bags of each —are in. Chitted 
bags: 20 and 12 potatoes. Not 
chitted: 10 and 21. While not 
reaching statistical significance, 

if other readers/gardeners have 
any results to add, we may achieve 
that and get a proper answer. 
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Views Culture 


Eyes wide open 


A very personal portrayal of the visual world may just 
make you reconsider how you see things, finds Elle Hunt 


& 


Film 

The Story of Looking 
Mark Cousins 

In cinemas from 17 September 


NOT long before I watched The 
Story of Looking, was shown an 
image of the inside of my eye. 
At my annual sight check-up, 

I'd agreed to something called an 
optical coherence tomography 
scan, examining the surface of 
my retina for abnormalities. 

One picture resembled a red 
sun, lined with veins; the cross- 
section view revealed undulating 
layers like those of Earth’s crust. 
Ilooked at my eye, and my eye 
looked back. Thinking about it, 
Istarted to feel a little queasy. It is 
this visceral, charged relationship 
between being and seeing — how 
what we take in of the world 
shapes our understanding of it — 
that Mark Cousins explores in 
his personal, exploratory film. 

The Story of Looking extends 
his 2017 book of the same name 
to bring together medium and 
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message, as he did a decade ago 
with The Story of Film: An Odyssey, 
his 15-hour epic on the history of 
cinema. At 90 minutes long, his 
new offering is relatively glancing, 
but in some ways just as ambitious 
in attempting to tell “the story of 
our looking lives”. 

The film begins with a clip of 
musician Ray Charles, who went 
blind aged 7, being interviewed 
on The Dick Cavett Show in the 
US in 1972. Given the option, he 
would refuse to have his sight 
permanently restored, but might 
consider it for one day, he says. 
“There are a couple of things that 
I would maybe like to see, once.”. 

The idea that a person might 
choose not to see floors Cousins, 
as “somebody who has always 
loved looking”. He makes sense 
of his life through visual markers — 
some undeniable, such as the sight 
ofhis late grandmother in an open 
coffin, but many more apparently 
inconsequential: a sunrise, a tree 
outside his bedroom window, 

a glimpse of his neighbour. 

But the ephemeral nature of 

this “visual world” was thrown 


into relief by his discovery, during 
lockdown last year, ofa cataract in 
his left eye. The parallel between 
the pandemic curtailing his 
experience and the potential ofhis 
failing vision to do the same isn’t 
lost on Cousins, who sets out to 
capture what sight has meant to 


“Why doI take selfies? 


Why has that tree, 

that panorama, that 
particular image stayed 
with me for years?” 


him. “Where do I begin to tell the 
story of my looking?” he wonders 
on the day before cataract surgery. 
Inspired by the artist Paul 
Cézanne’s description of his 
developing “optical experience”, 
Cousins traces his own, starting 
with his earliest memories — by 
extension, his earliest sights. The 
intimacy of this is emphasised by 
our own view of Cousins, shirtless 
in bed, curtains drawn: shut inside 
with him, we see what he sees, if 
only in his mind’s eye. He even 
projects into the future, beyond 


his surgery, to bring this “journey 
through our visual lives” full circle. 

The Story of Looking is essayistic 
in form, even impressionistic, 
combining personal experience, 
wide-ranging references and 
globe-trotting footage from 
Cousins’s archives to create 
a kaleidoscopic picture. 

Some of this, such as Cousins 
reading aloud responses to his 
tweeted request for thoughts on 
looking, isn’t that captivating to 
watch. But the evocativeness of his 
followers’ words, and Cousins’s 
emotional response to them — 
especially at a time of enforced 
isolation — underscores his point: 
we don’t need to be present, or 
together, to see for ourselves. 

Likewise, if the film’s 
meditative pace sometimes 
fails to hold the attention, it feels 
like an extension of Cousins’s 
challenge to our preconceptions — 
of what we consider to be “worth 
seeing”, or what we believe we 
must “bear witness” to. “Blurs 
are failures, aren’t they?” he says, 
of his cataract. 

Just as the film-maker’s looming 
surgery causes him to reflect on 
what he has seen, “to go around 
the city for a day with my eyes 
wide open”, The Story of Looking 
prompts me to see my own “visual 
world” anew. Why doI take selfies? 
Why has that tree, that panorama, 
that particular image stayed with 
me for years? 

The effect is oddly uplifting, 
as though my own aperture has 
been enlarged. Indeed, it casts 
the news that I need a first pair 
of prescription glasses ina new 
light — as another chapter in my 
own story of looking. # 


Elle Hunt is a writer based in London 
Mark Cousins has 


an eye for making 
innovative films 


Search for meaning 


A book charting the history of indexing will take you from 
13th-century cloisters to Silicon Valley, finds Simon Ings 


G 


Book 

Index, A History of the 
Dennis Duncan 

Allen Lane 


EVERY once in a while a book 
comes along to remind us that 
the idea of the internet isn’t new. 
Authors like Siegfried Zielinski 
and Jussi Parikka have written 
handsomely about their adventures 
in “media archaeology", revealing 
the arcane delights of the 18th- 
century electrical tele-writing 
machine of Joseph Mazzolari or 
Melvil Dewey's decimal system 
of book classification of 1873. 

It is a charming business, to 
discover the past in this way, but 
it does have its risks. It is all too 
easy to fall into complacency, 
congratulating the thinkers of past 
ages for having caught a whiff, a 
trace, a spark of what was to come. 

So itis always welcome when 
an academic writer - in this case 
Dennis Duncan, a lecturer in 
English at University College 
London - takes the time and 
trouble to tell this story straight, 
beginning at the beginning and 
ending at the end. 

Index, A History of the is his 
story of textual search, told 
through portrayals of some of the 
most sophisticated minds of their 
era, from monks and scholars 
shivering among the cloisters of 
13th-century Europe to server-farm 
administrators sweltering behind 
the glass walls of Silicon Valley. 

It is about the unspoken and 
always collegiate rivalry between 
two kinds of search: the subject 
index - which is a humanistic 
exercise, largely un-automatable, 
that requires close reading, 
independent knowledge, 
imagination and even wit - and 
the concordance, an eminently 
automatable listing of words in 
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raging for millennia 


a text and their locations. 

Hugh of Saint-Cher is the father 
of the concordance: his list of every 
word in the Bible and its location, 
begun in 1230, was a miracle of 
miniaturisation, smaller than a 
modern paperback. It and its 
successors were useful, too, 
for clerics who knew their Bible 
almost by heart. 

But the subject index isa 
superior guide when the content is 
unfamiliar to the reader. It is Robert 
Grosseteste, born in Suffolk in 
around 1175, who we should thank 
for turning the medieval distinctio - 
an associative list of concepts, 
handy for sermon-builders — into 
something like a modern back-of- 
book index. 

Reaching the present day, we 
find that with the arrival of digital 
search, the concordance is once 
again ascendant (the search 
function, Ctri-F, whatever you 
want to call it, is an automated 
concordance), while the subject 
index and its poorly recompensed 
makers are struggling to keep up 
in an age of reflowable screen text. 

Running under this story is a 
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deeper debate, between those 

who want to access their information 
quickly, and those (especially 
authors) who want people to read 
books from beginning to end. 

This argument about how to 
read has been raging for millennia, 
and with good reason. There is 
clear sense in Socrates's argument 
against reading itself, as recorded 
in Plato's Phaedrus in 370 BCE: 
“You have invented an elixir not 
of memory, but of reminding,” his 
mythical King Thamus complains. 

Plato knew a thing or two about 
the psychology of reading, too: 
people who just look up what 
they need “are for the most part 
ignorant”, says Thamus, “and hard 
to get along with, since they are 
not wise, but only appear wise”. 

Anyone who spends too many 
hours a day on social media will 
recognise that portrait - if they 
haven't already come to resemble it. 

Duncan’s arbitration of this 
argument is a wry one. Scholarship, 
rather than being timeless and 
immutable, “is shifting and 
contingent”, he says, and the 
questions we ask of our texts 
“have a lot to do with the tools 
at our disposal”. I 


Simon Ings is a writer based in London 
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Don’t miss 


Watch 


The Climate Coup sees 
author Mark Alizart lead 
a discussion about the 
politics and finance 

of the climate crisis at 
the French Institute in 
London at 6.30pm BST. 
A free livestream will be 
available on Facebook 
and YouTube. 


Visit 

Great Oaks From Little 
Acorns Grow at RHS 
Chelsea Flower Show 
from 21 September 

is Charlotte Smithson’s 
hydroponic artwork, 
which draws on 
ecological research 
about how we can each 
help restore balance 
with the natural world. 


Read 


Eating to Extinction is 
a habit that has already 
robbed the world of 
thousands of delights, 
Says Campaigner Dan 
Saladino; we must 
reclaim food's genetic 
diversity before it is too 
late. Look out for a full 
review soon. 
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Views Culture 


The answers within 


In Karmalink, a young boy uses nanotechnology to decipher the clues in his dreams. 
It’s an original but uneven sci-fi drama, says Davide Abbatescianni 


Through accurate production 
design and well-crafted special 


= 


Film 
s effects, the world depicted by 
a awers Karmalink is populated by drones, 


gigantic QR codes, simultaneous 
translation devices and the 
widespread use of virtual reality. 
It isa place where the rich can avail 
of advanced nanotechnology 

and the poor still live in slums, 
surrounded by dirt and waste. 


THAT Jake Wachtel’s Karmalink 
is the opening title of Venice 
International Film Critics’ 
Week is a good sign of promise. 
It is an enigmatic sci-fi drama 
that will leave you with many 
things to ponder. 

The story follows a 13-year-old 
boy, Leng Heng (the late Leng Heng 
Prak), who claims to see glimpses 
of his past lives through his 
dreams. He and his family live 
in a poor district ofa near-future 
version of Phnom Penh, the capital 
of Cambodia, and his community 
is set to relocate 15 kilometres away 
to make space for a new railway 
connection to Beijing. 

Leng Heng convinces his friends 
that finding a golden Buddha that 
he has seen in his dreams may 
save their homes, and they seek 
out help from a street-smart girl, 
Srey Leak (Srey Leak Chitth). 


“The world of Karmalink 
is populated by drones, 
gigantic QR codes 
and simultaneous 
translation devices” 


To record Leng Heng’s dreams 
and discover the secrets of his 
past lives, Srey Leak steals Leng 
Heng’s sister’s AUGR (short for 
“augmented reality”), a sort of 
forehead microchip that works 
through the injection of special 
“nanobugs”. During his oneiric 
explorations, Leng Heng meets 
Vattanak Sovann (Sahajak 
Boonthanakit), a neuroscientist 
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and the inventor of the 
Connectome, a mysterious device 
containing “a digital replica of 
one’s consciousness” that can 
open “a path to enlightenment” 
through neural connections 
with the user’s past lives. 

Despite the many interesting 
parts of this engaging premise, 
cracks start to appear towards the 
end of the first half. The search 


Leng Heng (Leng Heng 
Prak) explores his dreams 
via augmented reality 


Karmalinkissetina 
near-future version of 
Phnom Penh, Cambodia 


for the golden Buddha, which 
is mostly carried out by the two 
young lead characters, sees them 
having little trouble in accessing 
information and breaking into 
abandoned or inhabited places. 
They travel in and around the 
city and meet many adults on their 
way, none of whom ever questions 
their actions or asks why the 
children are buying nanotech. 
They even manage to sneak into 
Vattanak and his assistant Sofia 
(Cindy Sirinya Bishop)’s lab, which 
it isn’t properly guarded and so 
is easily accessed by two teens. 
The whole search is generally 
too smooth, with few obstacles 
to overcome. One hint comes 
after the other until the ending. 
The cinematography in the 
film really is stunning, and the 
grim score backs this up. The two 
young leads — who speak Khmer 
throughout — are particularly 
impressive actors. By comparison, 
the English-language cast — 
Boonthanakit and Bishop — 
deliver rather flat performances, 
sounding a bit too cold-hearted 
in some ofthe most tense scenes. 
Altogether, Karmalink had the 
potential to be a gem. Yet the 
narrative’s weaknesses overshadow 
much of the second half, leaving it 
as more ofa rock in need ofa good 
polish. The idea of intertwining 
Buddhist reincarnation and 
nanotech is certainly original and 
the striking contrast between a 
hyper-technological world and 
some of the poorest people in 
society is interesting to watch, but 
these strengths aren’t enough to 
make Karmalink as compelling as 
it should be. 8 


Davide Abbatescianni is a film critic 
based in Cork, Ireland 
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Generation 


Covid 


This pandemic is a generation-defining moment. 
What will it mean for those coming of age in its 


grasp, asks Bobby Duffy 


OO often discussion of generations 

i descends into stereotypes and 

manufactured conflicts —avocado- 
obsessed, narcissistic millennials against 
selfish, wasteful baby boomers. Instead 
of serious analysis, we get apocryphal 
predictions about millennials “killing” 
everything from wine corks to the 
napkin industry. 

Such discourse wouldn’t be so worrisome 
ifit didn’t sully genuine research into 
generational differences, a powerful tool 
to understand and anticipate societal 
shifts. They can provide unique and often 
surprising insights into how societies and 
individuals develop and change. 

That is because generational changes 
are like tides: powerful, slow-moving and 
relatively predictable. Once a generation 
is set on a course, it tends to continue, 
which helps us see likely futures. That is 
true even through severe shocks like war 
or pandemic, which tend to accentuate 
and accelerate trends. Existing 
vulnerabilities are ruthlessly exposed, 
and we are pushed further and faster 
down paths we were already on. 

We tend to settle into our value systems 
and behaviours during late childhood and 
early adulthood, so generation-shaping 
events have a stronger impact on people 
who experience them while coming of age. 
This is why it is vitally important to heed 
the lessons we learn by looking at previous 
generations so we can understand what 
the covid-19 pandemic will mean for those 
growing up through it, and use those 
insights to help Generation Covid meet 
the unprecedented challenges ahead. 


Some approaches that define swathes 
of the population purely on when people 
were born are closer to astrology than 
serious analysis. The type of generational 
analysis I use in my new book, Generations: 
Does when you're born shape who you are?, 
however, is built on the fact that there are 
three big forces acting on us that shape our 
attitudes and behaviours: when we were 
born (cohort effects), how old we are (life 
cycle effects) and the impact of events 
(period effects). 

A careful reading of past generational 
trends means that we can make informed 
projections about how Generation Covid 
will be affected by the pandemic -— while 
recognising that they will change as 
they age and future events will shape 
them further. 

For instance, studies on the long-term 
health impact of the second world war 
show that those living in war-affected 
countries were more likely to later develop 
depression and diabetes and less likely to 
report their own health as good than those 
in countries that escaped the conflict. In 
the UK, the centralised state the war helped 
galvanise created the context in which the 
welfare state and National Health Service 
were established. They were expressly 
designed to mitigate the “five giant evils” — 
want, disease, ignorance, squalor and 
idleness, in the vernacular of the day —- that 
the war had exposed and exacerbated. 

The context ofthe pandemic is very 
different, but it is just as important to 
understand the trajectories we were 
already on to anticipate covid-19’s 
impact and how we should respond. 


JOBS AND INCOME 


We have already seen an end to the generation- 
on-generation economic progress seen in 
Western countries since the second world war. 
The Resolution Foundation think tank in the 
UK analysed personal incomes across the US, 
UK, Spain, Italy, Norway, Finland and Denmark, 
dating back to 1969, when the oldest baby 
boomer was 24 years old (see “What generation 
do you belong to?”, page 39). These showa 
cascade of decreasing gains. Baby boomers had 
higher incomes in middle age compared with 
the pre-war generation. Generation X’s income 
stalled as they ran into the aftershocks ofthe 
2008 recession — but it was millennials, who 
were entering the job market as the crisis hit, 
who bore the brunt: their real disposable 
income shrank below that of Generation X. 
Economic progress didn’t just stop, it reversed. 

Many people have been watching this shift 
nervously. A new survey produced by my team 
at the Policy Institute at King’s College London 
and New Scientist indicates that nearly half of 
people in the UK think today’s youth will have 
a worse life than their parents. 

The timing of the new economic shock 
from the pandemic is particularly cruel on 
people below the age of 30: more than one 
in six of them across the 38 countries in the 
Organisation for Economic Co-operation and 
Development stopped working entirely; those 
in work saw their hours cut by 23 per cent on 
average, far more than older generations. 

Some commentators hope for a quick 
bounce back driven by pent-up demand and 
government stimulus packages. But we > 
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The climate 
question 


To better understand differences 
between generations, including 
how they perceive one another 
and the biggest challenges of the 
day, our team at the Policy 
Institute at King’s College London 
and New Scientist commissioned 
a survey of more than 4000 
people aged 18 and over in the 
US and UK. Responses were 
collected from 2 to 9 August. 

Our previous research has 
made clear that one of the most 
pervasive and destructive 
generational myths is that older 
cohorts don’t care about the 
environment or social purpose 
more generally. Our new survey 
shows how dangerously 
caricatured this is. 

In our study, three-quarters 
of baby boomers in the UK agree 
that climate change, biodiversity 
loss and other environmental 
issues are big enough problems 
that they justify significant 
changes to people's lifestyles, 
as high as any other generation 
(see chart, right). Seven in 10 of 
this group say they are willing 
to make changes to their own 
lifestyle, completely in line with 
younger generations. 

Older generations are also less 
fatalistic: only one in five baby 
boomers say there is no point in 
changing their behaviour to tackle 
climate change because it won't 
make any difference, compared 
with a third of Generation Z. This 
is an important driver of how we 
act: a sense that all is already lost 
leads to inertia. 

But our study shows that 
people have a rather different 
impression of who thinks what: 
when we ask people which age 
group is most likely to say there 
is no point in changing their 
behaviour, the oldest group is the 
most likely to be picked out. We 
wrongly think they have given up. 
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Social psychologists call this 
misconception “pluralistic 
ignorance”. It is an important 
effect, because it shapes our 
views of others. 

And older people's concern 
isn’t just expressed with words, 
but reflected in their actions. 
We know from other studies 
that it is actually baby boomers 
and Generation X who are the 
most likely to have boycotted 
products. But our new study 
shows that also isn’t the 
perception. The majority of 
the public wrongly think it is 
Generation Z or millennials 
who are most likely to boycott 
products, and only 8 per cent 
pick out baby boomers and just 
9 per cent choose Gen X. 


No contest 

It is no surprise that the public 
have the wrong impression. 
Endless articles and analyses 
paint the picture of a clean 
generational break in 
environmental concern and 
action, with a new cohort of 
young people coming through 
who will drive change, if only 
older people would stop blocking 
them. Time magazine, for 
example, called Greta Thunberg 
“an avatar in a generational 
battle” when it made her its 
Person of the Year in 2019. 

This isn't just wrong, but 
dangerous, as it dismisses 
the real concern among large 
proportions of our economically 
powerful and growing older 
population. 

The aftermath of the pandemic 
means it is set to become harder, 
not easier, to think about the long 
term, as short-term needs 
become more pressing: we will 
need all the support we can get, 
and creating or exaggerating 
generational division won't help. 


> To what extent to you agree or disagree with the following statements? 


Climate change, biodiversity loss and other environmental issues 
are big enough problems that they justify significant changes 
to people's lifestyles 


% who agree Muk us 


Baby Boomers 

Generation X | 
Millenials _ 

GenerationZ | 


> Thinking about the UK/US population overall, on average, which of the 
following age groups do you think is most likely to say that there is no 
point changing their behaviour to tackle climate change because it 
won't make any difference? 


Who the public think are most likely to say 


there’s no point changing our behaviour ™ UK WuSs 


Baby Boomers and older 


Generation X, Millennials 


The reality is that just 21% of Baby Boomers and older groups in the UK, 

and 28% in the US, say there is no point changing their behaviour. That 
compares with 29% of Generation X, Millennials and Generation Z combined 
in the UK, and 32% in the US, who say the same thing. 


should be wary that these early signs represent 
a true shift in prospects. 

There is a lot of ground to make up from 
decades of stagnation, and calls will grow for 
borrowed money to be paid back - with 
younger generations footing much ofthe 
bill. We may also have to contend with what 
economists call the “scarring” that exceptional 
shocks can leave: even if growth is recovered, 
without action to counter scarring, progress 
can be lost for good, for countries and for 
individuals, particularly the young, who live 
with the scars for longer. 


y WEALTH AND HOUSING 


For Generation Covid, the prospects 

of being able to accumulate wealth or 
owna home look dire. Wealth is already 
generationally skewed: the vast majority 
of new wealth created in countries like the 
UK and Australia in recent decades has 
gone to older age groups. 

This gap is largely due to rocketing house 
prices and plummeting rates of home 
ownership among the young. Back in 1984, 
when the average UK baby boomer was in 
their late 20s, two-thirds already owned their 
own home. But by 2016, when the average 
millennial was that age, only 37 per 
cent owned homes. 

At the start of the pandemic, there were fears 
the crisis would crash the housing market. But 
that ignores a generation-defining reality: that 
governments in countries like the UK will do 
almost anything to avoid significant house 
price falls, given how central they now are to 
economic sentiment among a core segment 
of the electorate. 

In the UK, the recent stamp duty holiday is 
a good example of this. We can’t, therefore, 
count ona price correction to open up 
ownership to generations who are currently 
locked out. People largely seem aware of 
this: in our survey, at least two-thirds of 
respondents from all generations thought 
it unlikely that home ownership will 
become more accessible for young 
people after covid-19. 

Without significant intervention from 
governments, inequality will get worse, 
Generation Covid will set new lows of home 
ownership and face the knock-on effects this 
brings: lower wealth, less security and rental 
housing costs that take a much greater 
proportion of their income. 
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5 EDUCATION 


These housing prospects are a clear illustration 
of one of our biggest societal challenges —-how 
future inequalities between generations 
become “baked in” as they are handed down 

in an incipient caste system. 

This reaches way beyond the “Bank of Mum 
and Dad” providing deposits and mortgage 
guarantees: it has also been seen in the impact 
on Generation Covid’s education during the 
pandemic. In the first lockdown in the UK, for 
example, one survey found that 74 per cent of 
children in private school attended full, virtual 
school days, compared with just 38 per cent 
in state schools. 

The projections for the future impact of such 
lost learning are frightening. By the time the 
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pandemic is over, most children across the 
UK will have missed more than halfa year of 
conventional, in-person schooling. That is 
more than 5 per cent of their entire time in 
school. Recent estimates show that, in high- 
income countries, each year of schooling 
increases individuals’ earnings by 8 per cent. 
According to the Institute for Fiscal Studies 
in London, just in the UK this equates to 
£350 billion in lost lifetime earnings across the 
8.7 million children of school age at the time. 
Wealthy, well-educated parents are better 
able to support learning and pay for tutors. 
Long-term negative effects are most likely 
to be concentrated among people from 
disadvantaged backgrounds, and we know it. 
In our survey, three-quarters of respondents 
across generations said they expect inequality 
to grow in the years ahead. All of which > 


18 September 2021 | New Scientist | 37 


ROBERTO CIGNA 


REUTERS/CARLOS OSORIO 


means that how we support Generation 
Covid isn’t just about helping the children 
themselves, but shaping our collective future. 


MENTAL HEALTH 


The repeated pattern of the pandemic 
accelerating existing trends is also seen 
with mental health. Between 2000 and 
2019, 18 to 24-year-olds went from being 
the least to most likely age group to have 
common conditions such as anxiety and 
depression. Covid-19 turbocharged this 
trend. More than one-in-three people aged 
45 and under reported having a mental 
health condition in January 2021, with 
the highest incidence, at 40 per cent, 
among 18 to 21-year-olds. 

Of course, lockdowns didn’t affect all 
young people in the same way. Some studies 
show a fall in stress and anxiety among teens 
during lockdowns and larger benefits for 
groups such as those with special educational 
needs. But as normal school-life returns, 
any respite will be outweighed by the 
generation-on-generation increases in 
mental health conditions. 

There are also implications for this 
generation’s job prospects. A report by the 
Resolution Foundation found that young 
people who had experienced mental health 
issues after the 2008 financial crisis were 
75 per cent more likely to be out of work five 
years later than those who hadn't. Increasing 
the mental health support for Generation 
Covid is an essential investment that will 
benefit society as a whole. 


38 | New Scientist | 18 September 2021 


BIRTH RATES 


The crisis may have societal repercussions 
much further in the future, in accelerating 
the decline in birth rates and our 
inexorable drift towards increasingly 
ageing populations. 

Some people predicted early on in the 
pandemic that birth rates would get a boost, 
but this was based on a misconception that 
events that leave people stuck at home, 
suchas blackouts or blizzards, result in more 
babies. In reality, anxiety in crises generally 
outweighs boredom of being at home, 
according to the data. Covid-19 is, it seems, 
more likely to accentuate the “baby bust” 
that is already under way. A 2020 report from 
the non-profit organisation the Brookings 
Institution drew on trends from previous 
recessions and the 1918 Spanish flu pandemic 
to estimate that there could be between 
300,000 and 500,000 fewer births in 
the US in 2021, a loss of up to 14 per cent of 
all births. 

Evidence from past pandemics and other 
disasters like hurricanes shows that birth rates 
tend to rebound a year or two after such crises. 
But there are reasons to think it may be 
different with covid-19, mainly because of the 
long duration of its disruption to life and the 
economy. A protracted period of social 
separation and the potentially even longer- 
lasting economic scarring will mean not just 
a delay, but a permanent loss that could have 
long-term repercussions for Western 
countries, adding to Generation Covid’s 
coming struggle to support increasingly 
ageing populations. 


The pandemic 
will stretch 
inequalities 
even further 


CLIMATE CHANGE 


The pandemicis also inextricably linked to 
another long-term global challenge, climate 
change (See “The climate question’, page 36). 
In the early stages of our response, scientists 
were hopeful that lockdowns around the world 
would result in a significant reduction in 
carbon dioxide emissions. This initially 
seemed justified, with global emissions in 
April 2020 down by 17 per cent on the previous 
year. But that optimism was short-lived, and 
even a partial return to normality pushed 
emissions back up and they ended the year 
only about 6 per cent lower than in 2019. 

The new hopeis that the promises in many 
national plans to “build back better” will result 
in more sustainable change, but we can hardly 
take this for granted. A further theme of our 
long-term generational perspective is how 
easily environmental concerns are knocked 
back by more immediate priorities. Looking 
back to the recession in the early 1990s and the 
financial crisis in 2008, for example, shows 
how quickly the salience of climate change 
dropped, including among the young: we can’t 
count on Generation Covid to deliver a step 
change in climate action when they will have 
very pressing immediate concerns. 

As philosopher Roman Krznaric suggests, 
there is a tension between our ability to think 
short and long term-and short tends to win 
out, particularly following crises. But we have 
also delivered longer-term visions before, in 
post-depression and post-war “new deals”: 
we can think long if we really want to. 


GENERATIONS APART 


One of the hidden dangers of the horoscope- 
based view of generations is that it makes it 
seem as if there is nothing we can do to affect 
the future: if generations have a set character 
by the time they come of age, they are already 
on a fixed path. This fatalism is misleading 
because action by governments and others 
can still shape the future. But will tensions 
between generations undermine such efforts? 
Fears of a generational war ramped up in 
the early days of the pandemic, as restrictions 
necessary to protect the oldest generations 
brought immediate and long-term negative 
effects for the youngest. Many feared that 
young people would simply flout the rules. But 


What generation 
do you belong to? 


The table below outlines 
the most accepted 
definitions of the various 
generations. There isn't 
complete agreement on 
where one generation ends 
and another starts, 
particularly around 
millennials and Generation 
Z, and the boundaries may 
be disrupted if “Generation 
Covid” sticks as a category. 
Where we place the 
cut-offs is arbitrary to 


some degree. Those at the 
edges of each group will 
tend to share 
characteristics with their 
birth year neighbours, 
because social change 
tends to be gradual rather 
than sudden. We can see 
that in our survey (see main 
story): many of us place 
ourselves in the wrong 
generation, with only baby 
boomers reliably knowing 
which generation they 


belong to, while everyone 
else gets it right half the 
time or less. 

None of which should 
devalue generational 
thinking. Many other social 
classifications — like social 
class - also simplify the 
underlying realities and 
people don’t always know 
where they fit, yet the 
classifications still tell us 
something about the 
make-up of society. 


Born before 1945 Born 1945-1965  Born1966-1979 Born1980-1995  Variousdefinitions 
Born 1996 - 2010 
Born after 1997 
Born after 2000 
Age //+ Age 56 - 76 Age 42-55 Age 26 - 41 Agec.11-25 


that didn’t happen. Instead, the overall picture, 
across countries and age groups, has been of 
incredible compliance. The strength of our 
connections up and down the generations, in 
our love for family, friends and fellow citizens, 
strongly outweighed generational self-interest. 
Yet the notion of generations pitted against 
each other persists. Why? 

First, one of the key reasons we are so 
susceptible to these clichés is the increasingly 
separate lives that younger and older people 
are living. Before 1991, there was little 
difference in the age mix between town and 
country in the UK, for example. Since then, 
the populations in villages and smaller towns 
have become older and in cities have become 
younger. Similar trends are seen in the US. 

As gerontologist Karl Pillemer at Cornell 
University in New York says: “We’re in the 
midst of a dangerous experiment. This is the 
most age-segregated society that’s ever been,’ 

This separation not only fuels stereotypes 
and tension, but also strips away the benefits 
that study after study shows intergenerational 
connection provides. The short-term impact 


? 


of the pandemic has been to separate age 
groups even more. In our survey, 60 per cent of 
respondents agreed that there is more conflict 
between older and younger people in the UK 
now than a few decades ago, and Generation Z 
and millennials were more likely than baby 
boomers and Generation X to feel this way. 

This is one area in which the longer-term 
impacts of the pandemic may help, because 
the greater incidence of homeworking is 
leading to early signs ofa reversal in the 
long-term trend towards cities getting younger 
and everywhere else older. Joel Kotkin at 
Chapman University in Orange, California, 
points out that as the US population disperses, 
economic, cultural and generational gaps 
between coastal cities and inland 
communities may start to shrink. 

The second generational danger we face 
following the pandemic is whether it will 
accelerate the already steep decline in our 
belief that the future can be better for our 
children and grandchildren. In 2003, most 
people in Great Britain expected young people 
to have a better future than their parents — but 


in our new survey only a quarter of Britons do. 

The pandemic will continue to put pressure 
on this belief, but it is wrong-headed to frame it 
as a battle between generations. It is actually 
about how we all see the future, and how 
the choices we make now will reverberate 
through the years. 

Before the pandemic, there were already 
some nascent signs that we are starting to 
adopt this longer-term thinking: the United 
Arab Emirates now has a Ministry of Cabinet 
Affairs and the Future; and Hungary has an 
ombudsman for future generations. The 
Well-being of Future Generations Act 2015 
in Wales has created a future generations 
commissioner. As Jane Davidson, the minister 
who proposed it, says, “it is revolutionary 
because it enshrines into law that the well- 
being of the current and future people of 
Wales is explicitly the core purpose of the 
government in Wales”. 

There is reason to hope that this kind of 
thinking will gain traction as we emerge from 
the pandemic, if only so we can give our fuller 
attention to the climate crisis we all face. Living 
through this pivotal moment in the battle 
against climate change, and the generation- 
defining event of the pandemic, should give 
us all a different perspective on what matters. 

Vital to this is improving the outlook for all 
our young people, not just those with greater 
resources. As political scientist Robert Putnam 
outlines in his 2015 book Our Kids, the 
programmes that achieved this in the decades 
following the second world war had at their 
heart a “commitment to invest in other 
people’s children. And underlying that 
commitment was a deeper sense that those 
kids, too, were our kids”. We need the same 
thinking to support Generation Covid. 

There is growing recognition of the need 
for governments to act with the greater social 
imagination we saw following the second 
world war to address the coming challenges. 
Mariana Mazzucato, an economist at 
University College London, says governments 
have been “tinkering, not leading”. This needs 
to change, because “only government has 
the capacity to steer the transformation 
necessary”, she adds. This is a long-term, 
intergenerational project that we all need to 
invest in, because ultimately, to some degree, 
we will all be Generation Covid. 


Bobby Duffy is a professor of public 
policy at King’s College London and 
author of Generations: Does when 
you're born shape who you are? 
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Plaque 
in time 


The microbial gunk that hardens on teeth holds 
secrets about the deep past, says Graham Lawton 


while you're still alive,” says Tina Warinner 
at the Max Planck Institute for the Science 
of Human History in Jena, Germany. 

To see what she is describing, stand in front 
ofa mirror and examine the rear surfaces of 
your lower front teeth. Depending on your 
dental hygiene, you will probably see a thin, 
yellowish-brown line where the enamel meets 
the gum. This is plaque, a living layer of 
microbes that grows on the surface of teeth — 
or, more accurately, on the surface of older 
layers of plaque. Ifit isn’t brushed or scraped 
off, plaque hardens as minerals dissolved 
in saliva precipitate out into it, killing the 
microbes and petrifying them into a stony 
substance called dental calculus or tartar. 

To you and me, this rock-hard excrescence 
might seem rather repulsive, but it has 
become a chewy topic of research among 
archaeologists. Where it was once considered 
mere gobshite to be scraped off and discarded, 
it is now recognised as a time capsule 
extraordinaire. “Dental calculus is a 
treasure trove of information,” says Katerina 
Guschanski at Uppsala University in Sweden. 
Over the past 20 years, it has revealed some 
surprising and often quirky details of the lives 
of our ancestors. But recent research is far 
more ambitious. “We spent a number of years 
trying to understand dental calculus and how to 


I TIS the only part of your body that fossilises 
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use it to really get at some deeper evolutionary 
questions,” says Warinner. That is now paying 
off, and dental calculus is throwing light on big 
questions about where humans came from 
and where we are going. 

Warinner isn’t exaggerating when she 
says plaque “fossilises” —the process is exactly 
like permineralisation, when minerals in 
groundwater penetrate a dead organism and 
precipitate out, turning it into a fossil. Unlike 
underground fossilisation, however, dental 


“Anything that finds 


its way into your 
mouth can end up 
fossilised in calculus” 


calculus forms very rapidly: plaque can be fully 
calcified in just two weeks. The speed at which 
it fossilises means it captures vast amounts of 
biological detail over a lifetime. The principal 
component is entombed denizens of the oral 
microbiome, the huge and diverse assemblage 
of bacteria, archaea and fungi that live in 

and around your mouth. They account for 
about 90 per cent of calculus by volume, 

says Guschanski. But it also traps other 

things, including bits of food, pathogens, 


SPENCER WILSON 


an individual’s own DNA and environmental 
debris such as dust and smoke particles. In fact, 
anything that finds its way into your mouth 
can end up being trapped in calculus. People’s 
drug histories have been probed via dental 
calculus. It has even been proposed as a way 
of telling whether someone has had covid-19. 
The first hints that this gubbins might reveal 
intimate details from the past came in 1975, 
when Philip Armitage, at what was then called 
the British Museum (Natural History) in 
London, described a method for extracting 
bits of plant from the dental calculus of ancient 
cattle to work out what they ate. In the 1980s, 
the method was used to probe the diets 
and environments of long-dead humans, 
Neanderthals and extinct apes. Nevertheless, 
dental calculus remained largely unloved by 
archaeologists for decades — which, perhaps, 
isn’t surprising. Tom Gilbert recalls that when 
he was doing his doctorate at the University of 
Oxford in the early 2000s, his supervisor gave 
him two specimens from which to attempt to 
recover ancient DNA. One was hair, the other 
ajawbone sporting what he exaggeratedly 
describes as “a golf ball-sized lump of calculus”. 
He chose the hair. “To be honest, the dental 
calculus sample was so repulsive I literally 
couldn't look at it without feeling sick, so I 
hid it away and never went back to it,” he says. 


Frozen in time 


Luckily, some researchers weren't so squeamish 
and began to use new tools being developed for 
genetics and molecular biology to dig deeper 
into dental calculus. The level of detail they 
found was exquisite. “There’s tremendous 
preservation of microbes and biomolecules 
within dental calculus because of the way that 
it calcifies during life,” says Warinner. “You can 
see individual bacterial cells really frozen in 
time.” What’s more, it is so rich in DNA that 
this is visible with a microscope, she says. 
The preservation of proteins is remarkable 
too. “In the archaeological record generally, 
we have tremendous decomposition and 
degeneration after death,” says Warinner. 
“However, fortunately for us, there is a 
long-term bioarchive that is dental calculus.” 

In the past few years, a growing number 
of researchers — including Gilbert, now at the 
University of Copenhagen in Denmark — have 
come to recognise the value of this archive. 
Their studies reveal some fascinating details 
about the lives of our ancestors. One, for > 
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“Ice-age Neanderthals and humans 
had near-identical oral microbiomes” 
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example, found that people in the Levant were 
eating bananas and turmeric 3700 years ago, 
revealing early, hitherto unknown contact 
between the eastern Mediterranean and 

south Asia. Another showed that the medieval 
illuminated manuscript industry was an equal- 
opportunities employer, as demonstrated by 
the discovery of the blue pigment lapis lazuli in 
the dental calculus ofa 12th-century nun from 
Dalheim, Germany. And Gilbert was part ofa 
team that last year discovered the leprosy- 
causing bacterium Mycobacterium leprae in 
the calculus ofa 16th-century Norwegian 
woman with no clear signs of the disease on 
her skeleton. By then, leprosy was in decline 
across most of Europe, but hit Norway hard 

for two more centuries, for unknown reasons. 
The discovery of the bacterium entombed in 
calculus could help solve the mystery. 

Earlier this year came results from the most 
ambitious calculus research project to date. 
Warinner and a huge team from 41 institutions 
in 13 countries sequenced DNA extracted from 
the dental calculus of 124 individuals: 

52 members of our species, Homo sapiens, 
dating from 30,000 years ago to the present 


day; 17 Neanderthals; 21 chimps; 29 gorillas and : 
* Fellows Yates at the Max Planck Institute for 
= the Science of Human History. 


five howler monkeys. The subjects included 
the Red Lady of El Miron, an 18,700-year-old 
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H. sapiens skeleton discovered in 2010 

in a cave in Spain, and a100,000-year-old 
Neanderthal from a site called Pesturina in 
Serbia that has the oldest oral microbiome 


5 ever reconstructed. “We were able to show 


that bacterial DNA from the oral microbiome 
preserves at least twice as long as previously 
thought,” says the study’s lead author, James 


Microbes in the tartar 
of the 18,700-year-old 
Red Lady of El Miron 
(left) may help explain 
how our brains evolved 
to be so large. Human 
DNA has been extracted 
from 5700-year-old 
birch bark chewing 

gum (above) 


The main goal of the research was to track the 
evolution of the oral microbiome in primates. 
The researchers expected a lot of variation, 
but, to their surprise, found strong similarities 
across all the specimens. This makes the 
mouth very different from the gut, where 
microbiomes vary hugely from individual 
to individual according to diet and location, 
both in space and time. Even though the five 
species under investigation had distinct oral 
microbiomes, they all shared a core group 
of 10 types of bacteria. The fact that these 
are even found in South American howler 
monkeys — which diverged from African 
monkeys 40 million years ago — suggests that 
all primates share an ancient oral microbiome, 
conserved over millions of years of evolution. 

The researchers also found that 
Neanderthals and H. sapiens from ice age 
Europe had near-identical oral microbiomes: 
the Red Lady and the PeSturina Neanderthal, 
although separated by more than 80,000 years 
and 2000 kilometres, were essentially the 
same inside their mouths. This is consistent 
with previous research suggesting extensive 
contact and interbreeding between the two 
species in that period. By 14,000 years ago, 
however, the H. sapiens oral microbiome had 
altered markedly — and it has changed little to 
this day. This seems to mirror genetic evidence 
indicating that mysterious incomers from the 
south largely replaced the existing northern 
European population around 14,500 years ago. 

The study may also help resolve a long- 
standing question in human evolution: how 
did our ancestors get such big, energy-guzzling 
brains? In 1995, Leslie Aiello at University 
College London put forward the expensive- 
tissue hypothesis, which proposed that to 
become so big-headed, our ancestors must 
have simultaneously shrunk their guts, 
which also require a lot of energy to maintain. 
“There must have been a trade-off, a dietary 
shift associated with more energy-dense 
foods,” says Warinner. “What that food was, 
however, has long been disputed.” Some 
suggest it was raw or cooked meat, but 
Richard Wrangham at Harvard University 
has argued that the magic ingredient was 
cooked starches from plant tubers and bulbs. 


The starch story is backed up by DNA 
evidence showing that humans have several 
copies of the gene for the starch-digesting 
enzyme salivary amylase, whereas chimps 
have only one. Research published in 2016 
concluded that this duplication occurred 
after the Neanderthal lineage split offfrom 
ours about 600,000 years ago. However, 
starch grains have been extracted from the 
dental calculus of Neanderthals, indicating 
that energy-dense carbohydrates were 
important in their diet too. 

The new study makes sense of this. It reveals 
that humans and Neanderthals both have a 
distinct type of bacterium in their mouths 
that is absent from chimps and gorillas. These 
oddball members of the Streptococcus clan are 
specialised for feeding on starch: they filch 
amylase molecules out of saliva and use 
them to digest starch for their own table. 

This suggests that the Homo oral microbiome 
evolved after the split from chimps, but before 
the one from Neanderthals, says Warinner, 
and hence that starch was an important source 
of energy for both. “We can start to use these 
clues from the oral microbiome to make 
inferences about our own evolution,” she says. 


The zoo in your mouth 


The researchers predict that this study is the 
start ofa golden age of evolutionary research 
on dental calculus. “The oral microbiome is 
truly extraordinary,” says Warinner. “It is 
absolutely teeming with life and it contains 

a truly extraordinary range of diversity that 
is part of our bodies, but underappreciated.” 
For one thing, many ofthe 10 core bacterial 
groups in the mouths of primates are all but 
unknown: three of them don’t even have 
formal scientific names and many individual 
species are new to science. 

In addition, it is a mystery how the 
starch-munching Streptococci evolved two 
proteins that can bind to amylase in saliva. 
One appears to have been acquired by a 
process called horizontal gene transfer, in 
which chunks of genetic material are passed 
directly from one organism to another-—but 
where it came from and when isn’t known. 


Gummed up 


Along with dental calculus, another 
unlikely substance that has preserved 
what went on in our ancestors’ mouths 
is ancient chewing gum. In2019,a 
team led by Hannes Schroeder at the 
University of Copenhagen in Denmark 
described a small, dark-brown lump 
unearthed at Syltholm, a Neolithic 
excavation site in Denmark. It bore 
teeth marks and had clearly been 
chewed. It was 5700 years old. 

Such finds are common in 
Scandinavia, says Schroeder. The 
substance is birch pitch, a resinous 
material made by heating birch bark, 
and it was used for millennia to stick 
spear and arrow heads to wooden 
shafts. It hardens as it cools and may 
have been chewed to resoften it - 
or perhaps for medicinal purposes 
because one of the constituents, 
betulin, is an antiseptic. 

However it got its marks, Schroeder 
and his colleagues extracted human 
DNA from the lump and found that the 
chewer was a woman with dark skin, 
dark brown hair and blue eyes. It also 
contained DNA from hazelnuts, eels 
and ducks, which this woman probably 
ate, plus mouth-dwelling bacteria and 
the Epstein-Barr virus. “Ancient birch 
pitch provides an excellent alternative 
source of ancient human and microbial 
DNA,” says Schroeder. 


Answering these questions would further 
refine our understanding of that epochal 
dietary shift. 

Warinner also wants to understand more 
about how dental calculus forms and what 
other secrets it may hold. It is clearly laid down 
in layers that are about 20 to 200 micrometres 
thick. “But exactly how this works is not well 
known,” she says. “It’s not annual, but it is 
regular, almost annual. You could potentially 
do atime series of the microbiome, which 
I think would be amazing -— though I don’t 
know how to do that!” 


Then there is a whole biosphere of dental 
calculus from other animals to be explored. 
Warinner and her co-authors are particularly 
keen to study baboons such as geladas, which 
live in an environment similar to the one we 
probably evolved in and also eat starchy tubers, 
so hence may help further understand our 
dietary past. 

Other researchers are beginning to study 
dental calculus in a wider range of animals. 

“It looks quite different in non-humans,” says 
Guschanski. “Instead of this nice, solid deposit 
we're used to seeing in humans, non-human 
mammal dental calculus is usually formed as a 
dark biofilm that is not very flaky.” Nevertheless, 
it is becoming clear that calculus builds up on 
the teeth of all mammals, including marine 
ones, and probably holds a wealth of 
information. For example, Guschanski and 
her colleagues have recently analysed calculus 
from wild bears shot in Sweden from the 

1950s to the present day. Some of it contains 
antibiotic-resistant bacteria, which must have 
been circulating in the environment because 
the bears weren’t in contact with antibiotics 

or even living near humans. The research 
indicates that dental calculus can help us 
understand global environmental trends and 
the effectiveness of policies to remedy them. 

Dental calculus may even provide a window 
into the deep past. The oldest yet discovered is 
glommed onto the molar ofa 12.5-million-year- 
old ape, Dryopithecus carinthiacus, housed ina 
museum in Klagenfurt, Austria, near where it 
was discovered in 1957. It is unlikely that such 
old material will contain recoverable DNA, 
says Warinner, but it may yield intact ancient 
proteins, the study of which is also coming 
on in leaps and bounds. 

“There’s so much more information out 
there that we haven't tapped into yet,’ says 
Warinner. Provided, of course, that curators 
haven't scraped all that calculus offand 
thrown it away. Il 


Graham Lawton is a staff writer 
at New Scientist and author of 
Mustn’t Grumble: The surprising 
science of everyday ailments 
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Suspended 


in sound 


Acoustic levitation is more than a cool 
party trick — sonic tractor beams could bring big advances 
in electronics and medicine, finds Michael Allen 
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HE starship disengages its warp drive 

[ and draws up alongside an enemy 

destroyer. This civilisation doesn’t 
look friendly and the destroyer appears to be 
powering up its weapons systems. The captain 
gives the order to make a quick getaway — but 
what’s this? Our heroes appear to be caught 
ina tractor beam! Slowly but surely, they are 
being sucked towards their doom. 

This is prime material for the plot ofa 
science fiction movie. But there is one part 
of the scene that is a little closer to science 
fact than you might realise: tractor beams 
are becoming a reality. We have long been 
able to levitate objects; all you need is a big 
enough fan. But now we are building devices 
that can go much further, floating objects 
into the air and manipulating them with 
speed and precision. 

Itis more than just a nifty trick. Tractor 
beams function like invisible robot arms, 
letting us move, separate and purify sensitive 
material, such as living cells or electronic 
components. This could be the basis ofa 
form of contactless manufacturing that 
near eliminates the risk of contamination 
or breakage. They can also be used to make 
anew kind of holographic display. 

The most exciting application ofall might 
involve moving things not in mid air but 
within living tissue. We could move tiny 
cameras around inside people, expel foreign 
objects, maybe even build minute machines 
inside our bodies — all without a scalpel in 
sight. Tractor beams may not be capable 
of snaring a starship, but they look to be 
extremely useful nonetheless. 

We have been fascinated with the idea 
of objects hovering in space for decades. In 
1933, two scientists in Poland used a vibrating 
quartz crystal to set up a standing sound wave, 
where the peaks and troughs remained in the 
same position. This produced spots of low 
pressure in empty space, and the pair found 
that droplets of alcohol could be held there, 
in defiance of gravity. Impressive, but not 
hugely useful, because the object couldn’t 
be moved around and had to be almost 


completely surrounded by the crystal speakers. 


Then there was the infamous levitating frog 
incident. In 1997, Andre Geim and his colleague 
Michael Berry, both then at the University of 
Bristol, UK, discovered it was possible to repel 


“Magnets were 


used to suspend 
a number of 
objects in air - 
including a frog” 


certain kinds of molecules, including water, 
witha hefty magnetic field. They used magnets 
to suspend a number of objects in the air, 
including a frog — which, like other animals, 

is mostly made of water. The magnets had 

to be extremely strong, though, and this 
method won’t work on any old material. 

The origins of the precision tractor beam 
devices that are making waves today can be 
traced back to around 2010, when Sriram 
Subramanian and Bruce Drinkwater were 
working in the same corridor as each other 
at the University of Bristol. They were using 
arrays of ultrasonic speakers like those 
found ina car’s parking sensor to create 
what is called haptic technology. The idea 
is to produce patterns of pressure in the air 
that people can feel. It might seem like an 
invisible finger drawing a circle on your palm, 
say, or a wave rippling over your fingers. 

Haptics is handy in itself. It can work in 
conjunction with gesture recognition to 
provide a way of controlling machines, for 
instance. Subramanian, who is now based at 
University College London, recently founded 
a company called Ultraleap to develop it. > 
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Touchless control of in-car gadgets could 
reduce the amount of time people spend 
glancing away from the road and make 
driving safer. Haptic interfaces for public 
ticket machines or self-service checkouts 
could also be a win. “Nowadays, everyone 
thinks about hygiene,” says Subramanian. 

He and Drinkwater began to wonder if they 
could use sound waves to levitate and move 
objects. It began as a bit of fun. Drinkwater 
thought it might make a cute demo to show off 
on university open days. But the researchers 
soon found that they could go way beyond 
simple standing waves. Their panels of 
speakers could produce complex 3D shapes 
made of sound, and the devices could be 
programmed so that the shapes changed. 
Objects such as small polystyrene balls or 
droplets of liquid could be held at low-pressure 
points and would float around as the shapes 
changed. They produced a pair of acoustic 
“tweezers”, made of two finger-like projections 
of sound, that could pinch a ball and move it. 
Then they formed a vortex of sound that could 
make balls spin. They even managed to create 
multiple low-pressure points, allowing them 
to control several objects at the same time. 


Acoustic wizardry 


Drinkwater enjoyed demonstrating the toy to 
the public, but he began to wonder if this could 
be more than a party trick. One limitation of 
the speaker array was that there couldn’t be 
anything between it and the object being 
levitated. In 2018, Subramanian dreamed 
up a solution. The key was to use acoustic 
metamaterials —that is, materials with sonic 
properties not normally found in nature. 
He 3D-printed 16 specially designed plastic 
bricks that each had an internal structure that 
manipulates sound in a specific way. These 
could then be used to bend sound around an 
object. Subramanian showed off the tech by 
having it bend sound waves around a plastic 
figure grasping a baseball bat so that a little 
ball bobbed up and down and side-to-side 
in the air over its head (pictured, far right). 
How could this acoustic wizardry be put to 
good use? One of the first ideas was to make 
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“‘Acoustic tractor 
beams could be 
used to better 
deliver cancer 
treatments” 


Bruce Drinkwater places 
a bead into an acoustic 
levitation device 


what are known as volumetric displays. These 
are floating 3D images of the sort you might 
see glowing on the dashboard ofa spacecraft 
in science fiction movies. Drinkwater and his 
team made a polystyrene ball zip through the 
air so quickly that, to the eye, it looked like an 
image —a bit like tracing patterns in the dark 
night air witha sparkler. They could also 
illuminate the ball using lights to have it 
change colour. In separate work, Subramanian 
used two parallel arrays of speakers to whizz 

a ball around in patterns at speeds of up to 

g metres per second. As he showed in 2019, 
this is fast enough to create simple graphics, 
such as smiley faces and number countdowns. 

These days, others are beginning to consider 
more ambitious applications for tractor beams. 
Asier Marzo at the Public University of Navarre 
in Spain thinks they could also be used for 
contactless manufacturing in fields like 
electronics, pharmaceuticals and biomedical 
sciences, where delicate components can 
easily be broken or contaminated. 

Marzo, who previously worked with 
Drinkwater, has published instructions for 
building a DIY acoustic tractor beam that costs 
less than £150. He has been experimenting 
with levitating and joining together sticky 
balls and rods to make simple structures. 

He hopes researchers from many fields 
will start exploring how they can use it too. 
“I want to put out the system so other 
people can build it,” he says. “I’m sure that 
they will come up with great ideas.” 

We are always going to struggle to use 
acoustic tractor beams to levitate big, heavy 
objects. But that may not be too much ofa 
problem. The kinds of things that we would 
find it most useful to levitate are small and 
light anyway — things like cells and bits of 
living tissue. 

We have ways of manipulating these 
materials already, but they aren’t perfect. 
Take centrifuges, spinning devices used to 
separate fluids like blood into different 
fractions. This kind of purification makes it 
easier to analyse living tissues and run tests. 
But centrifuges struggle when it comes to the 
tiniest components. Tony Jun Huang at Duke 
University in North Carolina wondered 


ifan invisible centrifuge made of sound 
could do better. 

He was especially interested in isolating 
exosomes, packets of proteins and DNA that 
cells release. It is thought these could be useful 
diagnostic markers of cancer and Alzheimer’s 
disease, but they are so minuscule that 
centrifuges struggle to isolate them. Last year, 
Huang created a vortex of sound that could 
hold and spin droplets of fluid. By varying the 
frequency of the sound, Huang and his team 
could control the size of the nanoparticles 
held in the vortex. They then showed that the 
acoustic centrifuge could isolate exosomes 
in blood samples from mice. This process 
would take about 8 hours using a conventional 
centrifuge, says Huang. “But now, using 
acoustics, we can do it within 1 minute”. 

Acoustic tractor beams could even be used 
as a way to manipulate things inside living 
tissue. In 2020, engineer Michael Bailey at the 
University of Washington and his colleagues 
demonstrated a proof of principle experiment. 
They used acoustic tractor beams like those 
developed by Drinkwater and Subramanian 
to move 3-millimetre-wide glass beads in the 
bladders of sedated pigs. Using vortex-shaped 
beams of sound generated by a speaker array 
outside the pigs’ bodies, they were able to steer 
the spheres along complex 3D paths, such as 
figures-of-eight and circles. 


Blast and nudge 


Bailey is also working with medics at a couple 
of US hospitals on a clinical trial to see ifthey 
can use acoustics to remove kidney stones. It 
is already routine to blast kidney stones with 
ultrasound to break them up, but bits ofthem 
can be left behind. Bailey’s trial aims to blast 
these fragments with sound again in order 

to nudge them into positions where they will 
be naturally cleared from the kidneys. They 
observe the process using a normal ultrasound 
scan to keep track of what is happening. “These 
stones hop a centimetre, or something like 
that,” says Bailey. “Most people, when they see 
it, are kind of startled.” The longer-term plan 
is to use acoustic tractor beams to move the 
fragments in amore controlled way. Much of 


Some tractor beams can 
bend their influence 
around other objects 


Bailey’s work is sponsored by NASA; the space 
agency considers kidney stones to bea serious 
health risk to astronauts, particularly on future 
deep-space and interplanetary missions. 

It might be possible to move all manner 
of other things inside the body. Take 
microbubbles, spheres made of fatty 
molecules. These could be loaded with a drug, 
injected, moved to particular places in the 
body with atractor beam and then popped 
with a blast of ultrasound. The method could 
prove a great way of administering 
chemotherapy, for example, which can harm 
healthy tissues. Mechanical engineer Diego 
Baresch at the University of Bordeaux in 
France is interested in this idea. Last year, he 
tested it out using a mock-up of real human 
tissue and bubbles loaded with nanoparticles 
as a practice exercise. Working with Valeria 
Garbin at Imperial College London, Baresch 
showed it was possible to grab bubbles with 
acoustic tweezers, move them around in 
complex patterns and burst them on demand. 

Yi-Ju Ho at Chung Yuan Christian University 
in Taoyuan City, Taiwan, researches 
microbubbles in medicine. She says they can be 
used to release oxygen near tumours, which can 
improve the effectiveness of cancer treatments. 
She thinks Baresch’s idea of controlling the 


LUIS VELOSO/FRIEDPEPPERS 


microbubble’s location with a tractor beam is 
a good one that “could avoid systemic toxicity 
and reduce the side effects of gas therapy”. 

We might pull offa similar trick with 
cameras. It is becoming increasingly common 
to use pill-sized cameras that patients swallow 
to examine the digestive tract. The NHS in 
England is beginning a trial of this technique as 
a means of screening for bowel cancer in 11,000 
patients. But you can’t control these pill cams 
once they are inside the body. “You might want 
to stop it, spin it for a bit or go back up if you 
have missed something,” says Bailey. He thinks 
an acoustic tractor beam would be the perfect 
aide. “There is a lot ofroom to make that much 
more sophisticated than hoping it just washes 
through and captures everything.” 

Subramanian, who helped start it all, is still 
thinking about other ways to put his acoustic 
tractor beams to use. He is working ona quirky 
idea in collaboration with the Shanghai 
Academy of Fine Arts in China. Together, they 
are designing a series of acoustic-powered 
displays that will show a selection of talking 
and singing heads as an art installation. 
Subramanian is excited about how we can use 
sonic tractor beams — but for him, they have 
always been partly about having fun. 1 


Michael Allen is a science journalist 
based in Bristol, UK 
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From the human genome 
project to all life on Earth 


The Wellcome Sanger Institute 
is a world-leading genomics 
research centre. Founded 

28 years ago to contribute to 
the Human Genome Project, 
we have gone from strength 

to strength undertaking 
large-scale research that forms 
the foundations of knowledge 
in biology and medicine. 


Our ambition is vast —- we 
take on projects that are not 
possible anywhere else. 


he principles of collaboration, 
l openness and data sharing underpin 

our ground-breaking research. Our 
inquisitive minds, unrivalled facilities and 
cutting-edge technology combined with 
our partnerships, collaborations and 
funding mean that we deliver pioneering 
science at scale, pushing the boundaries 
of genomics. 

The Institute's science, led by our 
Faculty, is embodied as five Programmes 
encompassing areas of biology and 
disease in which genome sequences will 
be transformative: Cancer, Ageing and 
Somatic Mutation, Human Genetics, 
Cellular Genetics, Parasites and Microbes 
and theTree of Life. 

As well as the human genome, Sanger 
scientists led the first sequencing 
of a whole range of organisms, including 
those that cause some of the world’s 
deadliest infectious diseases — malaria, 
MRSA, cholera and pneumonia. 
Collaborating with institutes in regions 
where these diseases are prevalent, 
genomic surveillance programmes for 
many pathogens are now well established 
at Sanger. They are helping to inform 
public health responses and government 
policy around the world, including for 
COVID-19 here in the UK. The newest 
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research Programme at Sanger, the Tree 
of Life aims to sequence all eukaryotic 
life in the UK — providing an unparalleled 
resource for research into conservation, 
biodiversity, and genome evolution. 

The work on human genomes also 
continues, with Faculty researching human 
and cellular genetic variation. Research 
focuses on aging, somatic mutation, 
cancer, developmental disorders and 
diseases of the blood and immune system. 
The Human Cell Atlas initiative at the 
Institute aims to map and study every 
cell type in the human body, which will 
bring an unprecedented understanding 
of how our genomes function in health 
and disease. 

Discoveries are impacting not only 
our understanding of disease, but clinical 
care — providing new ways to diagnose 
disease as well as new treatments. We are 
committed to driving forward scientific 
exploration and transformation by 
making all our data, results, tools and 
technologies available to the worldwide 
research community. 

Our global reputation for excellence 
is underpinned by our commitment to 
developing and maintaining a positive, fair 
and inclusive environment where staff and 
students from all backgrounds can thrive. 


By striving to promote and maintain 

a diverse, inclusive and stimulating 
workplace, we are celebrating and valuing 
our people for their differences in thought, 
background, experience and perspectives. 
We know that the success of our Institute 
depends on the diversity of our people, 
skills and ideas. 


The Institute is currently recruiting 
Faculty members — aiming to explore 
new frontiers of genomics. 


Each of our five scientific Programmes 

is recruiting new Faculty to build their 
scientific strategy for the future. Through 
their flow of ideas, new landscapes of 
biology are explored through genome 
sequences, new technologies to be 
deployed and new applications are 
developed and implemented. 

We strongly encourage you to 
consider the extraordinary opportunities 
at the Sanger Institute for the next phase 
of your scientific journey. 


For further information, application 
deadlines and to apply, please visit 
www.sanger.ac.uk/about/careers/faculty- 
recruitment/ 


Be at the centre of global 
genomic discovery 


We are recruiting our next cohort of Faculty - aiming to explore new frontiers of genomics. 
Become a research leader at the Sanger Institute and apply cutting-edge cellular, bioinformatic, 

genomic and imaging techniques at scale to tackle the world’s most pressing challenges in health, 
disease and conservation. ( | 


We are recruiting at all levels of seniority across each of our five transformative Scientific 
Programmes: Cancer, Ageing and Somatic Mutation, Cellular Genetics, 
Human Genetics, Parasites and Microbes and Tree of Life. 


As a Faculty member at the Sanger Institute, you will be supported by exceptional 
core funding and given the intellectual freedom to build global collaborations to 
deliver ground-breaking genomic research. You will help to build the Institute’s 
future scientific strategy and lay the founadtions of knowledge in biology, 
medicine, disease surveillance and conservation. 


Our unrivalled large-scale, high-throughput pipelines in genome and 
cellular manipulation, DNA sequencing, imaging and bioinformatic 
analyses will enable you to deliver research with global impact. 


Underpinning the Institute’s research is our commitment to building 
and maintaining a positive, fair and inclusive environment where 
everyone, from all backgrounds, can thrive. 


Begin the next phase of your scientific journey at 
www.sanger.ac.uk/about/careers/faculty-recruitment 
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compute cores 
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BRIAN CLEGG 
FIVE PATTERNS: THAT: 
EXPLAIN THE UNIVERSE 


Thursday 7 October 2021 6-Zpm — 1-2pm EDT and on-demand 


From the origins of the universe to the as quantum physics, 
from how chemical reactions work to the complexities of living organisms, 
understanding the world is a question of finding patterns. 


In this talk, Brian Clegg will explore five 
essential patterns — the cosmic microwave 
background, Feynman diagrams, the periodic 
table, number lines and the DNA double helix — 
and explain how they are helping us unlock \ . 
the myriad secrets of existence. 


For more information and 
to book your place visit: 


newscientist.com/pattems 
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Not so starry night 


Gaze up at the night sky to help researchers track the effects 
of light pollution, says Layal Liverpool 


NEXT time you have the 
opportunity, take amoment to 
look at the night sky. What do you 
see? Quite possibly not very much 
at all. Increased light pollution 
globally means that the starry 
nights that once inspired artists 
such as Vincent van Gogh have 
become much more difficult to 
observe over the past century. 

The Globe at Night project is 
calling for volunteers to look up 
at the night sky and record their 
observations via its web app. 
Doing so will help researchers 
monitor light pollution around 
the world and investigate its 
impacts on wildlife and human 
health. All you need to participate 
is asmartphone with a night sky 
app downloaded and access to 
the Globe at Night web app. 

Globe at Night runs campaigns 
during the 10 consecutive days of 
each lunar month when the moon 
doesn’t rise in the first half ofthe 
night. The next campaign starts 
on 27 September and runs until 
6 October. The target constellation 
to look out for will be Pegasus 
if you are in the northern 
hemisphere or Sagittarius if you 
are observing from the southern 
hemisphere. 

If you would like to take part, 
then begin by stepping outside at 
least 1 hour after sunset, before 
the moon has risen. Then wait 
10 to 20 minutes to give your eyes 
time to adjust to the dark. When 
you are ready to observe, open 
your night sky app and use it to 
find the target constellation. 

To record what you see, open 
the Globe at Night web app. 


Layal Liverpool is a science 
journalist based in Berlin. 
She believes everyone can 
be a scientist, including you. 
@layallivs 


What you need 
Access to the Globe 

at Night web app via: 
globeatnight.org/webapp 


Citizen science appears 
every four weeks 


Next week 
Science of cooking 


It will automatically enter the date, 
time and approximate location 
where you are, or you can enter 
the information manually. Next, 
select the star chart that looks 


most similar to what you see 
when you look in the direction 
of your target constellation. 

It helps to focus on the faintest 
star that you can see in the sky 
and find in the chart. 

Before submitting your data, 
you will also be asked to choose 
an image that represents the 
amount of cloud cover at the 
time of your observation. 

Research using data collected 
through Globe at Night isn’t just 
about the stars, it is also revealing 
how light pollution can influence 
animal behaviour. A study in 
Tuscon, Arizona, found that 
long-nosed bats tend to avoid 


Twisteddoodles 

for New Scientist 
Picturing the lighter 
side oflife p56 


flying in areas of the city with the 
highest levels of light pollution, 
for instance. Future research 
aims to use Globe at Night data 

to investigate how light pollution 
is influencing plants and animals, 
including birds, frogs and insects, 
as well as to monitor changes in 
light pollution levels globally 
over time. 

Ifyou miss the next Globe at 
Night campaign, don’t worry —- you 
can submit observations any time 
when there is no moon in the 
night sky and it is at least an hour 
after sunset or before sunrise. 
You can find out more about 
upcoming campaigns by visiting 
the Globe at Night website. ! 
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Quality Management & Regulatory Affairs Manager 


Microbiosensor is a medical device company developing point-of-care |VDs for 
diagnosing microbial! infections. The company will launch an IVD designed for 
renal dialysis patients in Q1 2022. 


Essential Experience / Skills 


Microbiosensor is looking to recruit a Regulatory Affairs (RA) manager to help 
maintain and develop our quality management system (QMS), compile technical 
files and prepare documentation for regulatory authorities. 

We are looking for a self-motivated and goal-oriented individual who will help 
coordinate regulatory activity for Microbiosensor'’s first product launch. The 
successful candidate must be comfortable in an SME-environment and the 
freedoms and responsibilities of working within a small, dedicated team. 


The post is available immediately and full/part-time/flexible working is available. 
Salary £55-60k (plus share options). 


Please send a CV with covering letter (including two referees) to: jobs@ 

microbiosensor.com. Deadline: 26th September. 

Essential Experience / Skills 

* Experience of 1!S013485 and technical file preparation for CE-mark 
submission. 

+ Experience of QMS and RA within the Medical! Device/IVD industry. 

* Involvement with successful |VD/medical device applications to the MHRA/ 
EMA/FDA. 

« Astrong scientific and/or engineering background. 

* Ability to balance multiple tasks, set priorities and deliver within timelines. 

* Excellent communication skills/attention to detail. 

* Technical file preparation for FDA 510k submission is desirable. 


Journal of Horticultural Science 
& Biotechnology 


SENIOR EDITOR 


Applications are invited for the post of Senior Editor for The 
Journal of Horticultural Science and Biotechnology (jHSB) 


About the Role 

The Trustees for JHSB are seeking to recruit a Senior Editor. We 
seek a well-established academic with a reputation for excellence in 
research and communication. The Senior Editor is responsible for 
the editing and editorial policy of the Journal, managing manuscripts 
through submission to publication in partnership with staff of the 
Publishers, Taylor & Francis. 


Submitting your Application 

Applicants should send by email, a letter of application detailing 
their qualifications, relevant experience and background equipping 
them for this post, plus the names and contact details for two 
referees to Mr Roy Preedy at roy.preedy@btinternet.com; |HSB's 
Secretary/Treasurer, The closing date for applications is 30th 
September 2021. Interviews will be held physically thereafter. 


This is a part time post suitably remunerated (£1 2K pa) in line with 
the time commitment. A post description and further information 
are available on request from Mr Roy Preedy. 


Prospective candidates wishing to discuss this post are also welcome 
to contact Professor G R Dixon, Chairman of the Trustees of JHSB 
at geoffrdixon@gmail.com 
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Applications are invited for the position of the Frank Jackson Foundation 
Professor of the Environment. Gresham College has been giving free 
public lectures since 1597; these are both presented in person in London 
and live-streamed to a global audience. Gresham Professors are 
outstanding in their fields and superb communicators, able to connect 
with an audience whose members may not have specialist expertise in 
the subject, but who will be informed people with a thirst for increased 
knowledge and understanding. 

The Professorship of the Environment, which was founded in 2014, is open 
to any discipline within the field, covering topics such as environmental 
science, ecology, botany and zoology, earth sciences, natural hazards 
and/or environmental management. 

The appointment is part-time from 1 August 2022 and normally for three 
years. Gresham Professors present a series of six one-hour lectures each 
academic year. They also fully participate in College life, attending the 
Academic Board, being active in promotion and outreach, attending social 
events and acting as ambassadors for the College. The post offers 
excellent opportunities to widen public exposure. The College pays an 
annual stipend of £8,000 (plus reasonable expenses) and encourages 
applications from all backgrounds and communities. 

Further information is available on the Gresham website at: 
https://www.gresham.ac.uk/vacancies/environment 

Informal discussion may take place with the Academic Registrar, 

Dr M. Clare Loughlin~-Chow, Gresham College, Barnard’s Inn Hall, Holborn, 
London EC1N 2HH. 

Telephone 020 78310575 Email: c.loughlin-chow@gresham.ac.uk 

The closing date: 9:30 am Monday 25 October 2021. Interviews will be in 
London on Monday 22 November 2021. 


To advertise here please email Ryan.Buczman@mailmetromedia.co.uk or call 020 3615 1151 
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ACROSS 
1 Reputation essentially wrecked 
by wine choice (4) 
3 Scaly animal mauled lion 
after twinge of hunger (8) 
8 Substances left from evaporation 
are absorbing uranium (7) 
10 List hotel floors during oral presentation (5) 
11 Admitting nothing, makes changes to 


sections of building — abrupt changes (4,6) 


14 Relative almost taking last half hour to 
relax like 3 Across, maybe (6) 

15 Abundant sandwiches in backward 
German city (6) 

17 Before warnings, tears back 
Milky Way wrappers? (6,44) 

20 Tanned part of face and neck, at first (5) 

21 Chlorine and iodine contaminate 
uncovered carbon-1 2, for example (7) 

22 Adapted a diary about New York 
emergency, metaphorically (5,3) 

23 Visitor missing street following 
a shivering fit (4) 


newscientist.com/crosswords 


18 
19 


Answers and 
the next quick 
crossword 
next week 


DOWN 

Friend takes back one more 
unfinished element (8) 

Settle comfortably partway 
through children’s concert (8) 
Ethanoic anhydride corrodes every 
transistor in circuit, initially (6) 
Mess up in CGI blog, revealing 
secrets (5,6) 

Valuable layer made a farmyard 
sound, we hear (44) 

Succeeding by splitting profit (4) 
Record seller Nancy never 
started disagreement (11) 
Loud holler finally interrupts 
quilt assembly (8) 

Toxic gas destroyed shop 

and family inheritance? (8) 

Was in charge of infiltrating 

spy group heads? (6) 

Transport cargo of aubergines (44) 
Look at 101 places (4) 


-_ Our crosswords are now solvable online 


GOMOLACH/SHUTTERSTOCK 


Quick quiz #119 


1. Who summed up general relativity 

in these words: “Space-time tells matter 
how to move; matter tells space-time 
how to curve.”? 


2 ALA, EPA and DHA are types 
of which essential nutrients 2 


3 There are three main classes of galaxy 
in the Hubble sequence: spirals, irregulars 
and what else? 


& Which marine animals belong 
to the order Actiniaria? 


5 In what year was the first nuclear-powered 
submarine completed? 


Answers on page 55 


Puzzle 


set by Chris Maslanka 
#131 The Paradise Club 


Down at The Paradise Club, Gus and Bart 
take it in turns to roll a pair of dice. The first 
person to score his favourite score for two 
dice wins, which means being treated to 

a drink by the other (the loser). They each 
favour a different prime number as a score 
with two dice and it so happens that their 
chances of getting their favourite score 

is the same for each. 


What is that probability? If Gus goes 
first what are his chances of being bought 
a drink? 


Solution next week 
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The back pages Almost the last word 


Roll with it 


Why does my dog enjoy rolling 
in smelly fox or bird faeces? 


Fred Cairns 

Oldham, Greater Manchester, UK 
A dog’s primary sense organ is its 
nose, and its primary sense is that 
of smell. Dogs identify each other, 
and probably us, too, by scent. 
This identification extends not 
only to the dog or person, but to 
the droppings they find. 

It has been said that “a lamppost 
is a dog’s social calendar”. It seems 
that the more powerful the 
predator, the stronger the smell 
of its droppings. I am told that 
tiger droppings are very pungent 
indeed. Those ofa fox are 
notoriously rank. 

It seems fair to say that 
animals with pungent droppings 
are able to defend themselves, 
or at least are good at evasion. 
From this it appears that rolling 
in another animal’s droppings is 
a form of disguise as a creature 
that is more powerful. 

Young dogs seem to present 
themselves with a clear sense 


“Rolling in another 
animal’s droppings is 
a form of disguise, to 
make a creature seem 
more powerful and to 
deter predators” 


of pride in these circumstances, 
similar to when children dress 
up as superheroes. 


David Muir 

Edinburgh, UK 

Rolling in smelly stuffis 

an evolutionary adaptation 
that goes back to canine pre- 
domestication times. Canids 
predisposed to this activity gave 
their descendants a paw up on 
the natural selection ladder. 

As the smelly stuff disguised 
dogs’ natural scent, it was thought 
that this would allow them to 
be better predators. However, 
researchers at the University of 
California discovered that grey 
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This week’s new questions 


Cool sprout Why do some veg, such as onions, carrots 
and radishes, continue to grow in the darkness of my 
refrigerator? Jim Decandole, Toronto, Ontario, Canada 


On the edge How doastronomers decide where a galaxy 
begins and ends? John Jarrett, London, UK 


foxes rubbed their faces in scent- 
marking areas used by pumas, 

a much larger predator. Smelling 
like a big feline predator wouldn't 
help a fox much when 
approaching their prey. 

The researchers took the view 
that the foxes used the puma 
odour asa form of olfactory 
deception, in effect as a disguise 
that would act to deter other 
large predators which kill foxes, 
such as coyotes. 

Why do modern, domesticated 
dogs still love to writhe in smelly 
stuff? This hangover from their 
canid ancestors is fun. The activity 
stimulates the reward systems 
of the canine brain, releasing 
neurotransmitters that elicit 
pleasure, as is seen from a dog’s 
obvious delight after taking a roll 
in something mucky, much to the 
chagrin of its owner. 


Kinky locks 


When I was young and had long 
hair, it had a pronounced kink about 
2 to 3 inches from my scalp. Some 
50 years later, with a covid-induced 
haircut shortage, | find the kink is 
still there. How do the hairs know 
just where to bend? 


Gillian Westgate 

University of Bradford, 

West Yorkshire, UK 

Genetics probably explains the 
basis of curly hair. But what we 
knowis that, in general, curly hair 
is formed from a combination ofa 
slightly curved hair follicle, which 
sets up an asymmetry in the rate 
of growth on different sides of the 
follicle and fibre, as well as the 
timing of final completion ofthe 
hair fibre, which forces the fibre 
to have a natural curve. 


Want to send us a question or answer? 


DX 


Email us at lastword@newscientist.com 
Questions should be about everyday science phenomena 


Full terms and conditions at newscientist.com/lw-terms 


How do onions still grow when 
kept in a fridge, with no warmth, 
soil or light? 


The one kink in the hair of 
your questioner suggests milder 
changes in the hair formation 
process. Some scientists also 
believe that some of the cells 
that make up the hair cortex, 
a layer inside a hair strand, are 
intrinsically different and that this 
produces biomechanical forces 
that set up a strain inside the hair, 
making it bend. The hair whorl, 
that part ofthe scalp that has a 
spiral of hair growth, may also give 
rise to some hair shape effects. 
There has been little research 
on this topic, but it is likely that 
a combined effect of genetics, 
biology and biomechanics are 
required for hair to curl. 


John Jackson 
London, UK 
A former colleague and I hada 
discussion about this some years 
ago when we both worked at the 
Natural History Museum, but 
neither of us does research in this 
area, so it is a guess! I was intrigued 
that in people with wavy hair, the 
waves appear consistently down 
the length ofall the hairs and in 
the mass of hair, despite the 
individual hairs moulting and 
being replaced periodically. 

If curly hairs had the shape of 
a simple two-dimensional wave, 
you wouldn't expect them to fit 
like this — different hairs would 
be at slightly different stages of 
growth, particularly noticeable for 
hairs with longer wavelength. The 
overall appearance would be frizz. 

My guess/hypothesis is that 
hair is growing in a helix/spiral. 
This would mean that very minor 
reorientations ofall hairs by 
brushing would make the helices 
fit together to give the appearance 
of wavy hair. 

There are clearly anumber 
of factors involved in the final 
appearance. For longer hair, the 
weight of the hair appears to 
extend the wavelength, for 
example. Also, some people’s hair 
gets curlier in damp conditions. 


Tom Gauld 
for New Scientist 


7 


Amanda Finney 

via Facebook 

My suggestion is that this is to 

do with the shape and pattern of 

follicle beds dispersed over the 

scalp. lalso think that mechanical 

interventions play a part in the 

pattern of dry hair; my curls 

behave differently ifI brush 

my hair or dry it a different way. 
Hormones also fluctuate and 

have an impact on follicle shape, 

so itis possible that a crease 

developed during a particular 

phase of growth, leaving a portion 

ofthe shaft that bends ata 

particular angle while the 

rest of the strand does not. 


Elizabeth Brown 

via Facebook 

Iam not buying the idea that it is 
“the way you brush it” that affects 
curls. My hair curls under on the 
left, but out on the right. There is 
a distinct line where it changes. 
Even when very short, the right 
side lays flatter to my head and 
the left is easier to get volume in. 
When styled by a hairdresser, 
they also struggle with it. 


“If hair was a simple 
two-dimensional 
wave, you wouldn't 
expect it to form 
consistent waves. 

It would be just frizz” 


Kari Williams 

via Facebook 

It is down to how you sleep on 
your hair. I sleep only on my left 
side and the hair on my left is wavy 
while on my right side it is straight. 


Boring number 


What is the smallest number with 
no interesting properties (cont'd) 


Steve Powell 

Winchester, Hampshire, UK 
Like one of the previous 
responders to this question, 
Itoo have a copy of the book 
Dictionary of Curious and 
Interesting Numbers by David 
Wells. Mine is the revised edition 
(1997) and, unlike the earlier 
edition, the number 43 is listed 
with several curious properties, 


ELEMENTS OF AN INCOMPLETE, ABANDONED THEORY 


so it doesn’t really qualify as boring. 


We therefore turn our attention 
to the number 51, which was the 
second largest number not listed 
in the previous edition. This is 
also now listed, but with the text: 
“This appears to be the first 
uninteresting [whole] number, 
which of course makes it an 
especially interesting number... . 
It is therefore the first number to 
be simultaneously interesting 
and uninteresting.” 

In the margin, I have pencilled 
in that 51is atrimorphic number — 
one whose cube ends in the digits 
that make up the original number 
(513 = 132,651). 

Ithink this makes 51 at least 
marginally interesting. 


Linda Phillips 

Narrogin, Western Australia 

In the discussion about 
uninteresting numbers, Brian 
Horton refers to 247. However, 
BBC Radio 1 originally broadcast 
on a wavelength of 247 metres on 
AM and as a youngster with my 
first radio, I found the number 
very interesting indeed. # 


Answers 


Quick quiz #119 
Answers 


1 John Wheeler 

2 Omega-3 fatty acids 
3 Ellipticals 

4 Sea anemones 
51954 


Quick crossword 
#91 Answers 


ACROSS 1 Jenner, 4 Iguana, 

9 Eggs, 10 Statistics, L1 Alalia, 
12 Earlobes, 13 Tree hyrax, 

15 Davy, 16 Deep, 17 Abduction, 
21 Tectonic, 22 lodate, 

24 Nano-fibres, 25 Ergo, 

26 T-cells, 27 Stamen 


DOWN 1 Jugular, 2 Nasal, 

3 Ecstasy, 5 Goitre, 6 Astronaut, 
7 Alchemy, 8 Camera obscura, 
14 Electrode, 16 Die-cast, 

18 Unit set, 19 Octagon, 

20 Infill, 23 Dream 


#130 Arithmagic 
Solution 


Reading down the columns, 

the three sets of five deletions 
are as follows: 83229, 25743 
and 96696. The quickest route 
to the solution is to look at the 
subtraction in the last three rows. 


If you try different ways of 
removing a digit from each 

row, the only combination that 
leads to a correct subtraction 
is675-349= 326. The 

first two rows therefore add 

to 675, and can only be 
219+456=675. The next 

set of removed digits leaves 
19+46=65,and65-39=26, 
and finally 1 +4=5 and5-3=2. 
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The back pages Feedback at the Ig Nobels 


Once a year, Feedback dusts the 
biscuit crumbs from our ball 
gown to attend the Ig Nobel prize 
ceremony. For reasons of personal 
hygiene unrelated to Feedback’s 
attendance, the 2021 event was 
once again held in the virtual 
space. Ifthe carpet was red, it was 
only because we spilled some wine 
on it, but here is our report from 
the celebration of research that 
“makes you laugh... and then 
makes you think”. 


Chew it over 


Feedback isn’t a natural hang ‘em 
and flog ‘em type, but we do favour 
the summary execution of whoever 
discarded the chewing gum we are 
unpicking from the sole of our shoe. 
We therefore applaud the 
committee's decision to award 
this year’s Ig Nobel ecology prize to 
researchers from the University of 
Valencia, Spain, for their studies of 
the chewing gum microbiome. They 
found that the dominant bacterial 
strains in freshly deposited chewing 
gum are human oral strains, but 
give way over weeks to strains more 
characteristic of the surroundings. 
This we would file under “good 
to know”, but our mien brightens 
considerably when we learn from 
team member Manuel Porcar of 
an impending new era of chewing 
gum forensics that might allow the 
identity of the dastardly depositors 
to be pinpointed through their 
unique oral microbiome. 
Somewhat unexpectedly, Porcar 
reveals that his team has also 
studied the microbiome of solar 
panels, finding that it is largely the 
same the world over. We can only 
assume that this is because people 
are less likely to lick solar panels. 


Best avoided 


Besides doing The Shake as we 

try to get the gum off our shoe, 
Feedback engages in few merrier 
dances on the street than the half 
do-si-do avoiding those embedded 
in their smartphones. Two Ig 
Nobels were awarded in this space 
this year: one toa largely Dutch 
team that rigged up sensors in 
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Got a story for Feedback? 

Send it to feedback@newscientist.com or New Scientist, 
Northcliffe House, 2 Derry Street, London W8 5TT 
Consideration of items sent in the post will be delayed 


Eindhoven railway station to 
model how pedestrians manage 
to avoid colliding, and another 
to aJapanese team for seeing 
how smartphone-distracted 
participants change things. 
Similar work had been done on 
bacteria and fish, says Alessandro 
Corbetta of the Dutch team, but 
not on humans, “for good reasons, 
probably”. Murakami Hisashi, 
who led the Japanese research 
(conclusion: things are easier if 
everyone’s looking where they are 
going), confesses: “Actually, I don’t 
have my own smartphone, but I 
have to try not to read a book while 
walking.” We somehow find this 
far more endearing and forgivable. 


Bearded in their den 


What is the point of beards? 
This question exercised no less an 
authority than Charles Darwin, who 


concluded in his book The Descent 
of Man, perhaps with a hint of 
self-regard, that they were possibly 
an “ornament” to attract females. 

David Carrier and his team tested 
another idea by sticking samples of 
sheep fleece onto an epoxy bone 
analogue (“because it was not 
practical to obtain fully bearded skin 
samples from human cadavers”) 
and hitting them repeatedly with 
a 4.7-kilogram weight. 

“Other great apes slap, but no one 
punches,” says the bearded Carrier 
by way of explanation. His finding, 
that bearded bone is less prone to 
shattering when forcefully hit, lends 
support to the hypothesis that the 
beard and the punch evolved fist 
in fist. Why else, after all, would 
beards appear generally in only one 
sex, and only at the point of sexual 
maturity, when male-male rivalry 
becomes a Thing? If we had a beard, 
we would be stroking it now. 


Clearing the passages 


Slightly lower down on Feedback’s 
list of asks is whether sex is an 
effective nasal decongestant. This 
question has now been answered 
with a resounding “yes” bya 
German-based team crowned 
with this year’s medicine Ig Nobel. 

The researchers assessed nasal 
breathing in 18 clearly willing 
volunteers before sexual 
intercourse, immediately after, 
and 30 minutes, 1 hour and 3 hours 
later. They found that sex was just 
as effective at unblocking noses as 
a standard decongestant, but only 
for up to 3 hours after climax. All 
of which suggests a timetable for 
those going down the sex therapy 
route that would have anyone 
claiming they hada cold, and 
really couldn’t tonight. 


Every breath you take 


“Cinema Data Mining: The smell 
of fear” is the title of the paper in 
which Jonathan Williams at the 
Max Planck Institute for Chemistry 
in Mainz, Germany, and his team 
introduced a sideline to their day 
job, which is analysing the volatile 
organic compounds given off by 
the Amazon rainforest. 

At some point in their fieldwork, 
it became clear they were giving 
off similar trace gases. A test of the 
atmosphere surrounding 30,000 
football fans in a stadium back in 
Germany assured them that “the 
biosphere is much more important", 
says Williams, but also revealed 
spikes in trace chemicals at times of 
particular tension during the match. 

All of which, to a certain kind of 
impressively laterally thinking mind, 
raises the question of whether 
concentrations of volatile chemicals 
in cinemas could be used as a proxy 
for emotional tension that might 
assist authorities in age-classifying 
films. While one chemical, isoprene, 
produced promising results, the 
general conclusion was “no”. 

The finding that our breath is 
our window on our state of mind, 
stands, however. “We're venting 
our emotions like exhaust,” says 
Williams. Speak for yourselves. ! 
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